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ABSTRACT 
Stream f low c h a r a c t e r i s t i c s ,  i n  p a r t i c u l a r  v e l o c i t y  and d e p t h ,  c o n t r o l  
channe l  s u b s t r a t e s  and d i r e c t l y  o r  i n d i r e c t l y  de te rmine  how a q u a t i c  i n s e c t s  
a r e  d i s t r i b u t e d  and b e n t h i c  communities a r e  s t r u c t u r e d .  A t h r e e  year  
l a b o r a t o r y  and f i e l d  r e s e a r c h  program h a s  been completed e v a l u a t i n g  how 
s t reamf  low a f f e c t s  a q u a t i c  i n s e c t s  i n  I l l i n o i s .  F i e l d  s t u d i e s  r e l a t e d  
b e n t h i c  community s t r u c t u r e  and s p e c i e s  composi t ion w i t h  boundary l a y e r  
Reynolds number (R*) and e v a l u a t e d  m i c r o h a b i t a t  s e l e c t i o n  of s e v e r a l  i n s e c t  
s p e c i e s  on h y d r a u l i c a l l y  d e f i n e d  a r t i f i c i a l  s u b s t r a t e s .  Hydrau l ic  c a l i b r a -  
t i o n  of s u b s t r a t e s  was completed i n  l a b o r a t o r y  f lume s t u d i e s  us ing  a  
t h e r m i s t o r  based microprobe.  A l a b o r a t o r y  a r t i f i c i a l  s t r eam was a l s o  used 
t o  d e t e r m i n e  h a b i t a t  s e l e c t i o n  o f  n e t  s p i n n i n g  c a d d i s f  l i e s .  R e s u l t s  i n d i -  
c a t e d  s e l e c t i o n  f o r  d e f i n e d  m i c r o h a b i t a t s  i n  s e v e r a l  a q u a t i c  i n s e c t  t a x a .  
The a r t i f i c i a l  s u b s t r a t e s  proved t o  b e  a  v a l u a b l e  t o o l  i n  d e f i n i n g  micro- 
h a b i t a t  c h a r a c t e r i s t i c s  occupied by a q u a t i c  i n s e c t s .  I n  s t u d i e s  t o  
d e t e r m i n e  ins t ream f low r e q u i r e m e n t s ,  measures of mean column v e l o c i t y  
were  shown t o  b e  inadequa te ,  d e t e r m i n a t i o n  o f  R* was p r e f e r r e d .  The r e s u l t s  
of t h i s  r e s e a r c h  p rov ide  w a t e r  r e s o u r c e s  managers w i t h  b e t t e r  t o o l s  t o  a s s e s s  
m i c r o h a b i t a t  m o d i f i c a t i o n s  produced by changes  i n  s t reamflow.  
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1. INTRODUCTION 
I n s t r e a m  f low needs are channe l  f lows  r e q u i r e d  t o  m a i n t a i n  b e n e f i c i a l  
u s e s  such as a q u a t i c  l i f e  maintenance and p ropoga t ion ,  r e c r e a t i o n ,  o r  
n a v i g a t i o n .  The importance of i d e n t i f y i n g  i n s t r e a m  f low requ i rements  i n  
wa te r  r e s o u r c e s  planning and management was recognized  by t h e  Water Resources  
Counc i l  (Water Resources Counc i l ,  1968; 1977) .  I n  p a r t i c u l a r  t h e  Counci l  
i d e n t i f i e d  t h e  need f o r  r e s e a r c h  t o  d e t e r m i n e  t h e  e f f e c t s  o f  s t r e a m  f lows 
on b i o l o g i c a l  systems. P a s t  e c o l o g i c a l  r e s e a r c h  h a s  e s t a b l i s h e d  a funda- 
menta l  unders tand ing  of t h e  n a t u r e  of s t r e a m s  and t h e  c a p a c i t y  of s t ream 
b i o t a  t o  modify l i f e  h i s t o r i e s  v i a  m i g r a t i o n ,  d i a p a u s e ,  and 
emergence t o  a d a p t  t o  t h e  h i g h l y  v a r i a b l e  h a b i t a t s  i n  s t ream ecosystems. 
Seasona l  f low v a r i a b i l i t y  i s  g r e a t ,  and low f requency  e v e n t s  such as drought  
o r  s e v e r e  f l o o d i n g  a r e  a l l  met by t h e  s t ream ecosystem's  n a t u r a l  r e s i l i e n c e .  
Thus when f low m o d i f i c a t i o n s  occur  f o r  s h o r t  d u r a t i o n s  o r  s e v e r e  changes 
occur  i n f r e q u e n t l y  t h e  s t ream ecosystem can  be  main ta ined  w i t h  l i t t l e  con- 
sequence t o  p r o d u c t i v i t y .  U n f o r t u n a t e l y ,  c o n f l i c t s  a r i s e  when o f f s t r e a m  
demands f o r  w a t e r  produce i n s t r e a m  f low c o n d i t i o n s  which exceed t h e  
ecosys tem's  c a p a c i t y  f o r  r e c o v e r y .  With development of w a t e r  r e s o u r c e s  
f o r  o f f s t r e a m  u s e  as w e l l  as f low m o d i f i c a t i o n  f o r  f l o o d  c o n t r o l  o r  power 
p r o d u c t i o n  t h e  ins t ream f low needs  of s t ream and r i v e r  ecosystems have 
become a major i s s u e  i n  t h e  management and p r o t e c t i o n  o f  w a t e r  r e s o u r c e s  
v a l u e s .  
An e s s e n t i a l  component of s t ream ecosystems is  t h e  t r a n s f e r  mechanism 
between pr imary p roduc t ion  and h i g h e r  t r o p h i c  l e v e l  consumers such  as f i s h .  
The t r a n s f e r  of carbon f i x e d  i n  p h o t o s y n t h e s i s  by e i t h e r  s t r e a m  organisms 
o r  a l l o c h t h o n o u s  p r o d u c t i o n  is  e f f e c t e d  by a group of a q u a t i c  organisms 
dominated by aqua t i c  i n s e c t s .  These organisms a r e  t h e  base of the  consumer 
food cha in  i n  the  stream and a r e  e s s e n t i a l  t o  t h e  r e s i l i e n c e  of t h e  s t ream 
ecosystem and the  maintenance of f i s h e r i e s  p roduc t iv i ty  t o  support  recrea-  
t i o n a l  o r  o the r  uses  of stream b i o l o g i c a l  resources .  Although major a t t en -  
t i o n  has been paid t o  e s t a b l i s h i n g  instream flow needs of f i s h ,  on ly  l i m i t e d  
research  has been d i r e c t e d  t o  i d e n t i f y i n g  instream flow needs f o r  aqua t i c  
i n s e c t s .  
The o b j e c t i v e  of t h i s  r e p o r t  i s  t o  review the  f i e l d  i n v e s t i g a t i o n s  and 
experimental research  designed t o  i d e n t i f y  t h e  e f f e c t s  of streamflow on aqua t i c  
i n s e c t s  and e f f o r t s  made to  improve e x i s t i n g  instream f low needs assessment methods 
by t h e  i n c l u s i o n  of aqua t i c  i n s e c t  needs i n  a n a l y s i s  programs. The methods 
used t o  i d e n t i f y  aqua t i c  i n s e c t  flow r e l a t i o n s h i p s  included d e s c r i p t i v e  and 
experimental s t u d i e s  conducted both i n  t he  l abo ra to ry  and t h e  f i e l d  . 
Methodology advancements included development of new methods of measuring 
microhabi ta t  c h a r a c t e r i s t i c s ,  c a l i b r a t i o n  of a r t i f i c i a l  s u b s t r a t e s  with 
def ined  hydrau l i c  c h a r a c t e r i s t i c s  f o r  u se  i n  f i e l d  experiments,  and assess -  
ment of new procedures do desc r ibe  microhabi ta t  c h a r a c t e r i s t i c s  from commonly 
made f i e l d  measurements. Laboratory s t u d i e s  included experimental eva lua t ion  
of h a b i t a t  p reference  and v e l o c i t y  r e l a t i o n s h i p s  i n  an a r t i f i c i a l  stream. 
Extensive f i e l d  s t u d i e s  were conducted t o  eva lua t e  s u b s t r a t e  s e l e c t i o n ,  
co lon iza t ion ,  and p o t e n t i a l  competi t ive i n t e r a c t i o n s  between aqua t i c  i n s e c t  
spec ies .  
The fol lowing r e p o r t  i s  divided i n t o  s e c t i o n s  which summarize the  
r e s u l t s  of both l abo ra to ry  and f i e l d  s t u d i e s .  Sec t ion  2 reviews t h e  devel- 
opment, v e r i f i c a t i o n  and experimental u se  of a microveloc i ty  probe used t o  
b e t t e r  c h a r a c t e r i z e  aqua t i c  i n s e c t  h a b i t a t .  Sect ion 3 concerns the  app l i -  
c a t i o n  of microveloc i ty  probe measurement t o  t h r e e  s u b s t r a t e  types and t h e  
development of a  new measure of flow r e l a t e d  h a b i t a t  R*. Sec t ion  4 r e l a t e s  
t o  a q u a t i c  i n s e c t  communities i n  I l l i n o i s  streams. Sec t ion  5 reviews t h e  
c a l i b r a t i o n  of t h e  a r t i f i c i a l  s u b s t r a t e s  used i n  f i e l d  experiments. 
Sec t ion  6 conta ins  t h e  r e s u l t s  of f i e l d  experiments eva lua t ing  t h e  e f f e c t s  
of periphyton and sediment on s u b s t r a t e  co loniza t ion .  Sec t ion  7 i d e n t i f i e s  
t h e  instream cur ren t  requirements of s e v e r a l  spec ie s  of aqua t i c  i n s e c t s .  
Sect ion 8 reviews the  e f f e c t  of s u b s t r a t e  p a r t i c l e  s i z e  on aqua t i c  i n s e c t  
d i s t r i b u t i o n .  The f i n a l  s e c t i o n  provides a  summary and conclusions of t h e  
p r o j e c t .  
2. AQUATIC INSECT MICROVELOCITY PROBE DEVELOPMENT, 
VERIFICATION, AND EXPERIMENTAL USE 
2 . 1  PURPOSE 
A s  p a r t  of t h e  s t u d y  of a q u a t i c  i n s e c t  m i c r o h a b i t a t  c o n d i t i o n s ,  i t  
was n e c e s s a r y  t o  develop a  m i c r o v e l o c i t y  probe and t e c h n i q u e s  f o r  measure- 
ment of a q u a t i c  i n s e c t  m i c r o h a b i t a t s .  The purpose  o f  i n i t i a l  e f f o r t s  was 
t h e  development of one o r  more m i c r o v e l o c i t y  probe d e s i g n s  i n c l u d i n g  
d e t a i l e d  h y d r a u l i c  c o n s i d e r a t i o n  of t h e  i n t e r r e l a t i o n s h i p s  between t h e  
primary h a b i t a t  v a r i a b l e s ,  d e p t h ,  v e l o c i t y ,  and s u b s t r a t e .  
2 .2  INTRODUCTION 
The c u r r e n t  v e l o c i t i e s  t o  which l o t i c  organisms a r e  exposed t o  i s  a  
pr imary f a c t o r  a f f e c t i n g  t h e i r  d i s t r i b u t i o n .  It has  been recognized  t h a t  
t h e  a c t u a l  c u r r e n t  exper ienced  by a n  a q u a t i c  i n s e c t  i s  much less than  t h a t  
measured by s t a n d a r d  c u r r e n t  m e t e r s  (Hynes, 1970) .  Fur thermore,  R a i l s b a c k  
(1979) r e p o r t e d  t h a t  s i m p l e  measures o f  h y d r a u l i c  pa ramete rs  provided by 
a v a i l a b l e  i n s t r e a m  f low h y d r a u l i c  models,  mean column v e l o c i t y ,  column 
d e p t h ,  and s u b s t r a t e  t y p e  ( r e f . ,  PHABSIM) a r e  n o t  w e l l  s u i t e d  f o r  modeling 
c o n d i t i o n s  i n  t h e  v i c i n i t y  of t h e  boundary l a y e r  ( t h e  r e g i o n  of f low on o r  
n e a r  t h e  s u b s t r a t e  where f low v e l o c i t y  i s  reduced by f r i c t i o n .  
A d d i t i o n a l l y ,  t h e  u s e  of a  s imple  l i n e a r  r e l a t i o n s h i p  between t h e  mean 
column v e l o c i t y  and a  m i c r o h a b i t a t  c u r r e n t  v e l o c i t y ,  d e p t h ,  v i s c o s i t y ,  and 
s u b s t r a t e  t y p e  i n v o l v e s  pa ramete rs  which a r e  n o t  independent  a t  t h e  i n s e c t  
m i c r o h a b i t a t  l e v e l .  
For  a  g i v e n  mean column v e l o c i t y  and d e p t h ,  t h e  t h e o r e t i c a l  v e l o c i t y  
i n  t h e  boundary l a y e r  may change a s  a f u n c t i o n  of s u r f a c e  roughness  ( a  
f u n c t i o n  of s u b s t r a t e  type)  ( S t r e e t e r  and Wylie,  1975) .  The i n t e r s t i t i a l  
v e l o c i t y  is a l s o  a f u n c t i o n  o f  p a r t i c l e  s i z e  and shape .  V e l o c i t y ,  d e p t h ,  
and s u b s t r a t e  t y p e  a r e  n o t  independent  pa ramete rs  i n  ( m i c r o h a b i t a t s )  
s e l e c t e d  by a q u a t i c  i n s e c t s  a l t h o u g h  t h e  I n c r e m e n t a l  Methodology assumes 
t h a t  t h e s e  parameters  a r e  independent .  Although such  a n  assumption may 
be  v a l i d  f o r  f i s h  (Smith,  1979; O r t h ,  1982) ,  and a model f o r  a q u a t i c  
i n s e c t s  has  been proposed t o  p r e d i c t  h a b i t a t  t o l e r a n c e s  (Gore and Judy ,  
1981) t h e  in te rdependence  of a l l  pa ramete rs  is t o o  g r e a t  t o  b e  ignored .  
Depth,  v e l o c i t y  and s u b s t r a t e  type  need t o  b e  combined i n  d e f i n i n g  micro- 
h a b i t a t  c h a r a c t e r i s t i c s  i n  a h y d r a u l i c a l l y  and b i o l o g i c a l l y  meaningful  
way b e f o r e  b e i n g  used as h a b i t a t  d imensions  ( R a i l s b a c k ,  1979) .  
I n v e s t i g a t i o n  of t h e  i n t e r a c t i o n s  of v e l o c i t y  and s u b s t r a t e  type  have 
been l i m i t e d  due t o  t h e  i n a b i l i t y  t o  measure v e l o c i t y  i n  t h e  v e r y  s m a l l  
a r e a s  i n h a b i t e d  by a q u a t i c  i n s e c t s .  V e l o c i t y  measurements have been  t a k e n  
i n  s e v e r a l  ways: Gore (1978) and o t h e r s  have measured t h e  average  v e l o c i t y  
a t  a sample s i t e  by ho ld ing  t h e  c u r r e n t  meter  a t  s i x - t e n t h s  o f  t h e  d i s t a n c e  
down from t h e  s u r f a c e  t o  t h e  bottom; Cummins (1964) ,  Minsha l l  and Minsha l l  
(1977) ,  and U l f s t r a n d  (1967) he ld  a  c u r r e n t  mete r  a s h o r t  d i s t a n c e  above 
t h e  bottom; Eddington (1968) used a one cm d iamete r  cup type  mete r  t o  
approximate  t h e  m i c r o v e l o c i t y  n e a r  c a d d i s f l y  n e t s ,  b u t  t h i s  mete r  i s  s t i l l  
t o o  l a r g e  t o  a c c u r a t e l y  measure m i c r o h a b i t a t ;  Rabeni and M i n s h a l l  (1977) 
were a b l e  t o  approximate t h e  i n t e r s t i t i a l  v e l o c i t y  a t  one p o i n t  i n  t h e  
s u b s t r a t e  by u s i n g  t h e  r a t e  of d i s s o l u t i o n  of sa l t  t a b l e t s  as a measure 
of v e l o c i t y ;  and,  Malas and Wallace (1977) recorded  v e l o c i t i e s  a d j a c e n t  
t o  Parasyche  and D i p l e c t r o n a  c a d d i s  l a r v a e  a t  t h e  lower downstream s i d e  
o f  r o c k s  u s i n g  a rubber  bag c u r r e n t  meter  d e s c r i b e d  by Gessner (1955) .  
Georgian (1983) used a hydrogen bubble  t echn ique  t o  s t u d y  t h e  hydrodynamic 
p r o p e r t i e s  of c a d d i s f l y  n e t s .  D e s p i t e  a l l  of t h e s e  a t t e m p t s ,  r e s e a r c h e r s  
have n o t  been a b l e  t o  r e a d i l y  q u a n t i f y  m i c r o v e l o c i t y  a t  a p r e c i s e l y  known 
po in t  a s  a  d i r e c t  func t ion  of depth ,  v e l o c i t y ,  and s u b s t r a t e  type.  
Defining such a  func t ion  is c r i t i c a l  f o r  determining ins t ream f low needs 
f o r  a q u a t i c  i n s e c t s  . 
W e  have developed an e l e c t r o n i c  mic rohab i t a t  v e l o c i t y  t he rmis to r  
probe f o r  a p p l i c a t i o n  t o  a q u a t i c  i n s e c t  r e sea rch  which i s  smal l  and 
s e n s i t i v e  enough t o  measure mic rohab i t a t  v e l o c i t i e s  i n  t h e  r eg ions  
i n h i b i t e d  by ben th i c  organisms. The the rmis to r  probe i t s e l f  i s  a  
modi f ica t ion  of t h a t  descr ibed  by Alavian (1981) who i n v e s t i g a t e d  t h e  
flow c h a r a c t e r i s t i c s  of warm water  j e t s  e n t e r i n g  cold r ece iv ing  waters .  
The development and mod i f i ca t i on  of such a  device provides  t h e  capac i ty  
to :  determine a  meaningful r e l a t i o n s h i p  between mic rohab i t a t  parameters 
and benth ic  m i c r o v e l o c i t i e s ;  and t o  h y d r a u l i c a l l y  c a l i b r a t e  a r i t i f i c i a l  
s u b s t r a t e s  f o r  a d d i t i o n a l  s t u d i e s  <of a q u a t i c  i n s e c t  mic rohab i t a t  needs.  
Such s t u d i e s  and r e l a t i o n s h i p s  appear  s u i t a b l e  a s  t h e  b a s i s  f o r  a  p r a c t i c a l  
means of modeling aqua t i c  i n s e c t  h a b i t a t .  Thus, a  p r i n c i p a l  o b j e c t i v e  of 
t h i s  s tudy  was t h e  development of a  mic rohab i t a t  v e l o c i t y  probe. 
2 .3  THERMISTOR PROBES AND METHODS 
The v e l o c i t y  probe employed i n  t h e  fol lowing experiments is based 
upon t h e  use of t he rmis to r s  which measure v e l o c i t y  i n d i r e c t l y  a s  t h e  r a t e  
a t  which h e a t  i s  l o s t  from a  h e a t  source.  I n  t h e  fol lowing experiments ,  
two s l i g h t l y  d i f f e r e n t  procedures were employed, which cons i s t ed  of modi- 
f  i c a t i o n s  i n  t h e  d r i v e  vo l t age  and c a l i b r a t i o n  techniques.  These d i f f e r -  
ences i n  procedures were n e c e s s i t a t e d  by the  measurement requirements  placed 
on t h e  probes and w i l l  b e  r e f e r r e d  t o  a s  S e r i e s  1 and S e r i e s  2 procedures .  
I t  i s  important  t o  no te  t h a t  bo th  approaches employed t h e  same the rmis to r s  
and cons t ruc t ion .  
2.3.1 Probe Construct ion ( S e r i e s  1 and Se r i e s  2) 
Two thermis tors  a r e  used i n  the  probe, one a  sensing u n i t  
and the  o the r  a  r e fe rence  thermis tor .  The f a s t  response g l a s s  thermis tors  
employed i n  t h i s  s tudy (diameter 1 .7  mm; 8000 r r e s i s t a n c e  a t  25OC; No. 
GB38P12) were obtained from Fenwal E lec t ron ic s  (Framington, MA) .  The 
probe i t s e l f  was b u i l t  by i n s e r t i n g  a  thermis tor  i n t o  a  small  b ra s s  tube 
which was bent  a t  one end t o  form a 90' angle.  The sensor  ( i . e . ,  semi- 
conductor) was sea led  i n t o  p o s i t i o n  with s i l i c o n e  s e a l e r  and t h e  l eads  
t o  t h e  sensor  r a n  i n s i d e  the  tube and were a t tached t o  a  Wheatstone 
c i r c u i t  (Fig.  2-1). Two such thermis tors  formed two l e g s  of t h e  c i r c u i t .  
2.3.2 S e r i e s  1 Probe Ca l ib ra t ion  and Operation 
I n  the S e r i e s  1 probe (used f o r  hydraul ic  c a l i b r a t i o n  of 
a r t i f i c i a l  s u b s t r a t e s )  t h e  c i r c u i t  was provided wi th  16.5 V of e l e c t r i c a l  
cu r ren t  (8.25 v o l t s  through each l e g  and thus t o  each the rmis to r ) .  This 
vo l t age  provided s u f f i c i e n t  e l e c t r i c a l  cu r ren t  f o r  t he  thermis tor  t o  
genera te  temperatures g r e a t e r  than ambient condi t ions .  The temperature of 
t he  sensing thermis tor  (and thus i t s  r e s i s t a n c e )  i s  a  funct ion  of t he  h e a t  
l o s s  due t o  the  v e l o c i t y  of the  water and t h e  ambient temperature.  To 
compensate f o r  t h e  e f f e c t s  of the ambient temperature, t h e  second thermistor  
( o r  r e fe rence  thermis tor )  was encased i n  a  brass  c i r c u l a r  block (diameter 
1.25 cm) and placed i n t o  t h e  same water (maintained a  constant  temperature 
between t h e  two c i r c u i t  l e g s ) .  The o u t  of balance of t h e  vo l t age  passing 
through the  two l e g s  t o  the  two thermis tors  was a  funct ion  of t he  water 
v e l o c i t y  a t  t h e  poin t  of t h e  measurement (or  i n  t h e  v i c i n i t y  of t h e  
sensing the rmis to r ) .  
The S e r i e s  1 probe was used exclus ive ly  i n  a  l abora to ry  flume 
loca ted  i n  t h e  Hydrosystem Laboratory a t  t h e  Univers i ty  of I l l i n o i s  
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Champaign-Urbana campus. Throughout t h e  s t u d i e s  us ing  t h e  S e r i e s  1 probe,  
t he  water  supply t o  t h e  flume was maintained a t  17'C, thus  e l imina t ing  
the  need f o r  ambient temperature adjustments  and c o r r e c t i o n s  when ope ra t i ng  
the  S e r i e s  1 probe. The l abo ra to ry  flume dimensions were 15 x 0.5 x 0.75 m 
and provided us  wi th  t h e  c a p a b i l i t y  of vary ing  both  water  depth and v e l o c i t y  
a t  a  g iven  po in t .  The flume and probe set up employed a r e  shown i n  
F igure  2-2) . 
The i n i t i a l  c a l i b r a t i o n  of t h e  S e r i e s  1 probe is a s  fo l lows .  
Both t h e  sensor  and r e f e r ence  t he rmis to r s  w e r e  suspended i n  a  500 m l  
beaker conta in ing  flume water  ( tempera ture  17°C). The c i r c u i t  w a s  provided 
wi th  16 .5  V of c u r r e n t  using a  vo l t age  r e g u l a t o r  and balanced t o  supply 
8.25 V t o  each thermis tor .  When balanced,  t he  v o l t a g e  ou tput  from the  
system was equa l  t o  00.0 mV. Voltage ou tpu t  was determined us ing  a  Fluke 
d i g i t a l  vo l t ime te r .  Following balancing of the  c i r c u i t ,  power was shu t  
o f f  t o  t h e  system (necessary a s  t he rmis to r s  f u s e  when o u t  of water  due t o  
h e a t  genera t ion)  and the  sensor  thermis tor  mounted on a  r ack  and p in ion  
system t o  permit both h o r i z o n t a l  and v e r t i c a l  movement. The r e f e r ence  
thermis tor  was a t t ached  t o  t h e  s i d e  of t h e  flume and t h e  water  depth w i t h i n  
t h e  flume ad jus t ed  t o  12.7 cm. Power ( i . e . ,  16.5 V) was a g a i n  suppl ied  t o  
t h e  balanced c i r c u i t  . 
The sensor  probe was pos i t ioned  d i r e c t l y  i n  f r o n t  of a  
permanently mounted Marsh-McBirney flow meter  sens ing  u n i t  and the  c u r r e n t  
v e l o c i t y  ( read  from the  c u r r e n t  meter) and t h e  corresponding mV ou tput  from 
the  c i r c u i t  were recorded.  The d ischarge  of water  through t h e  flume was 
r epea t ed ly  ad jus t ed  t o  develop a  response curve r e l a t i n g  mV thermis tor  
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imbalance t o  water c u r r e n t  v e l o c i t y .  A t y p i c a l  r e sponse  r e l a t i o n s h i p  is  
presen ted  i n  F igu re  2-3.  This  r e l a t i o n s h i p  w a s  mathemat ica l ly  r e l a t e d  t o  
c u r r e n t  v e l o c i t y  u s ing  r e g r e s s i o n  a n a l y s i s  and d a t a  t r an s fo rma t ion  (Sokal 
and Rohl f ,  1969) .  
A s  examinat ion of F igu re  2-3 i n d i c a t e s ,  t h e  b e s t  probe 
response  occurs  a t  mean column v e l o c i t i e s  o f  l e s s  t han  0 .40  m/sec,  which 
allowed t h e  t h e r m i s t o r s  t o  ma in t a in  r e l a t i v e l y  c o n s t a n t  t empera ture .  
Measurements i n  column v e l o c i t i e s  t o  0.5  m/sec were v a l i d  us ing  t he  
S e r i e s  1 con f igu ra t i on .  Beyond 0.5 m/sec,  t h e  ra te  of h e a t  l o s s  from 
t h e  t h e r m i s t o r  due t o  wate r  c u r r e n t  w a s  more r a p i d  t han  t h e  r e h e a t i n g  
c a p a b i l i t i e s  of t h e  system. A range  of c u r r e n t  v e l o c i t i e s  from 0 t o  0 .5  
m/sec i s ,  however, adequate  when exper imenta l ly  examining a q u a t i c  i n s e c t  
m ic rohab i t a t  c u r r e n t  cond i t i ons .  
The preced ing  methodology w a s  employed t o  h y d r a u l i c a l l y  
c a l i b r a t e  a r t i f i c i a l  s u b s t r a t e s  i n  wa t e r  of a c o n s t a n t  t empera ture  regime. 
The e x a c t  procedures  and exper imenta l  r e s u l t s  a r e  r e p o r t e d  i n  a l a t e r  
s e c t i o n  of t h i s  r e p o r t .  The S e r i e s  2 probe methodologies  were  designed 
t o  examine m i c r o h a b i t a t  f low c h a r a c t e r i s t i c s  where wate r  t empera ture  could 
n o t  be main ta ined  o r  assumed t o  be  c o n s t a n t .  
2 .3 .3  S e r i e s  2 Probe C a l i b r a t i o n  and Opera t ion  
I n  t h e  S e r i e s  2 probe,  which w a s  developed t o  work a t  d i f f e r e n t  
water tempera tures ,  t h e  sens ing  t he rmi s to r  w a s  d r i v e n  a t  20 V. To compen- 
sate f o r  t h e  e f f e c t s  of ambient t empera ture ,  t he  r e f e r e n c e  ( o r  second) 
t he rmi s to r  w a s  d r i v e n  a t  a lower v o l t a g e  of 0 .5  V. A t  t h i s  low of v o l t a g e ,  
no h e a t  is genera ted  by t h e  t he rmi s to r  and t hus  i t  does n o t  respond t o  
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v e l o c i t y ,  b u t  on ly  t empera tu re .  The s i g n a l  of t h i s  compensating t h e r m i s t o r  
is s u b s t r a c t e d  from t h e  s i g n a l  of t h e  s e n s i n g  t h e r m i s t o r ,  r e s u l t i n g  i n  on ly  
a  v e l o c i t y  component t o  t h e  s i g n a l .  Th i s  s i g n a l  is a m p l i f i e d  and s e n t  t o  
t h e  Fluke d i g i t a l  o u t p u t  mete r .  
Once b u i l t ,  t h e  f i r s t  s t e p  i n  t h e  probe c a l i b r a t i o n  was t o  
make bo th  t h e  s e n s i n g  and compensating probes  respond s i m i l a r l y  t o  tempera- 
t u r e .  Because of t h e  d i f f e r e n c e s  i n  t h e  d r i v i n g  v o l t a g e s ,  t h e  two probes  
respond d i f f e r e n t l y  t o  t empera tu re  a t  z e r o  v e l o c i t y .  Using a series of 
t empera tu re  c a l i b r a t i o n s  i n  a w a t e r  b a t h ,  i t  was determined t h a t  b o t h  
probes  responded l i n e a r l y  t o  t empera tu re ,  though t h e  response  e q u a t i o n  was 
d i f f e r e n t  f o r  each probe.  To a c c u r a t e l y  compensate f o r  t empera tu re ,  t h e  
response  of t h e  two probes  had t o  b e  matched t o  make t h e  o u t p u t  t o  b o t h  
t h e r m i s t o r s  e q u a l  t o  ze ro  v e l o c i t y  f o r  a l l  expected t empera tu res .  T h i s  
c a n  b e  done mathemat ica l ly  o r  e l e c t r o n i c a l l y .  
Mathemat ical ly ,  t h e  d i f f e r e n c e  between t h e  two l i n e a r  response  
curves  is a n o t h e r  l i n e a r  f u n c t i o n ,  found by s u b t r a c t i n g  t h e  response  of t h e  
compensating probe from t h a t  of t h e  s e n s i n g  probe.  T h i s  g i v e s  t h e  c o r r e c -  
t i o n  of t h e  s e n s i n g  ou tpu t  t o  make i t  match t h e  compensating o u t p u t ,  t h e  
c o r r e c t i o n  be ing  a f u n c t i o n  of t empera tu re .  Using t h e  s e n s i n g  probe 
response  e q u a t i o n  t o  s u b s t i t u t e  f o r  t empera tu re  as a f u n c t i o n  o f  s e n s i n g  
probe o u t p u t ,  t h e  c o r r e c t i o n  c a n  b e  d e s c r i b e d  as a  l i n e a r  f u n c t i o n  o f  t h e  
s e n s i n g  o u t p u t .  For every  measured v a l u e  of s e n s i n g  o u t p u t ,  t h a t  v a l u e  
c a n  b e  m u l t i p l i e d  by a c o n s t a n t  and added t o  a n o t h e r  c o n s t a n t  t o  make i t  
respond t o  t empera tu re  a s  t h e  compensating probe does .  
Linear  t ransformat ion  of t h e  sensing ou tpu t  can  a l s o  be done 
e l e c t r o n i c a l l y .  Var iab le  r e s i s t o r s  w e r e  added t o  t he  ou tpu t  of both 
sensing and compensating the rmis to r s ,  a l lowing t h e  adjustment  of t he  Y 
(vo l tage)  i n t e r c e p t  of each response curve,  and a  v a r i a b l e  vo l t age  d i v i d e r  
was added t o  the  sens ing  probe al lowing the  adjustment  of i t s  s lope .  
Another c i r c u i t  was a l s o  added to  e l e c t r o n i c a l l y  s u b t r a c t  t h e  compensating 
ou tpu t  from t h e  sens ing  probe. 
Matching the  temperature response of t h e  two probes was 
accomplished, a t  a  low temperature ,  by a d j u s t i n g  t h e  Y i n t e r c e p t  c o n t r o l s  
s o  t h a t  t he  ou tpu t  of both t he rmis to r s  was zero.  A t  a  h igher  temperature 
t h e  s l o p e  c o n t r o l  f o r  t he  sensing probe was ad jus t ed  t o  make the sens ing  
output  match t h e  compensating output .  Severa l  i t e r a t i o n s  of t h i s  process  
were necessary t o  make the  responses  match w i t h i n  a  reasonable  e r r o r  (about 
10%) over  t h e  range of temperatures expected i n  our  experiment.  
Once the  temperature c a l i b r a t i o n  was accomplished, v e l o c i t y  
c a l i b r a t i o n  was done using a  r o t a t i n g  water  tank.  A c y l i n d r i c a l  tank of 
water  was r o t a t e d  a t  a  known angular  v e l o c i t y  u n t i l  the  wa te r  i n s i d e  
r o t a t e d  a s  a  s o l i d  body. The v e l o c i t y  probe was mounted on an arm above 
the  tank and lowered i n t o  i t  a t  va r ious  r a d i a l  d i s t a n c e s  from t h e  c e n t e r .  
I n  t h i s  manner t h e  v e l o c i t y  sensed by the  probe could be measured a s  the  
angu la r  v e l o c i t y  of t h e  tank i n  r ad i ans  per  second m u l t i p l i e d  by the  
r a d i a l  d i s t a n c e  i n  cm. The r e s u l t  was a  semi-logarithmic r e l a t i o n  between 
t h e  ou tput  v o l t a g e  and t h e  v e l o c i t y .  The equa t ion  f o r  v e l o c i t y  was found 
t o  be: 
V = .131 exp(86.2E) 
where V is t h e  v e l o c i t y  i n  cm per  second, and E i s  t h e  measured d i f f e r e n c e  
i n  v o l t a g e  between the  sensing probe and t h e  compensating probe i n  v o l t s .  
The c o e f f i c i e n t  of c o r r e l a t i o n  f o r  t h i s  e q u a t i o n  was .999. The r a n g e  
of t h e  c a l i b r a t i o n  was from z e r o  t o  50 cm p e r  second,  and response  i s  
a c c u r a t e  t o  a t  l e a s t  two s i g n i f i c a n t  f i g u r e s ,  even a t  v e l o c i t i e s  under 
1 cm p e r  second. This  c a l i b r a t i o n  c u r v e  was used f o r  a l l  subsequen t  
v e l o c i t y  measurements. 
2 .4  THEORETICAL CONSIDERATIONS-HYDRAULIC PARAMETERS 
The p h y s i c a l  h a b i t a t  pa ramete rs  normal ly  measured o r  s i m u l a t e d  
by h y d r a u l i c  s i m u l a t i o n s  ( i . e . ,  mean column v e l o c i t y ,  d e p t h ,  and 
s u b s t r a t e  type)  i n t e r a c t  i n  a complicated and h i g h l y  dependent f a s h i o n  
t o  d e t e r m i n e  c o n d i t i o n s  a t  t h e  s u b s t r a t e  s u r f a c e .  To produce a model 
which i s  bo th  a c c u r a t e  and r e a l i s t i c  i s  ex t remely  d i f f i c u l t  due t o  t h e  
i n h e r e n t l y  v a r i a b l e  n a t u r e  of f l u i d  f low i n  s t r e a m s ,  b u t  u s e f u l  r e l a t i o n s h i p s  
have been developed by open-channel h y d r o l o g i s t s ,  some of which a r e  
a p p l i c a b l e  t o  t h e  problem of m i c r o h a b i t a t  modeling.  A method t o  u s e  t h e  
mean column v a l u e s  of v e l o c i t y  and dep th  a long  w i t h  s u b s t r a t e  t y p e  t o  
model m i c r o h a b i t a t  i s  proposed h e r e ,  T h i s  model se rved  as a component 
of S. F.  R a i l s b a c k ' s  m a s t e r ' s  t h e s i s  (1979) .  
A b a s i c  r e l a t i o n s h i p  o f  sediment t r a n s p o r t  t h e o r y  i s  t h a t  a p a r t i c l e ' s  
p o t e n t i a l  f o r  b e i n g  moved i s  a f u n c t i o n  of t h e  boundary l a y e r  s h e a r  stress 
(Simons and S e n t u r k ,  1977) .  Shear  s t r e s s  is t h e  f o r c e  p a r a l l e l  t o  t h e  
s u r f a c e  e x e r t e d  on t h e  bed p a r t i c l e s ,  p e r  u n i t  a r e a  of bed s u r f a c e .  Shear  
stress i s  o f t e n  q u a n t i f i e d ,  n o t  as a n  a b s o l u t e  v a l u e  w i t h  u n i t s  o f  f o r c e  
p e r  u n i t  a r e a ,  b u t  as a d imens ion less  r a t i o  of s h e a r  s t r e s s  t o  v i s c o u s  
s t r e s s  known as t h e  Reynolds number. For a s u b s t r a t e  p a r t i c l e ,  t h e  
Reynolds number is eva lua ted  as: 
LT* D 
S R;'t = --
v 
where : R* = boundary l a y e r  Reynolds number 
U* = t h e  boundary shea r  v e l o c i t y  
Ds = p a r t i c l e  diameter  
v = kinemat ic  v i s c o s i t y  
For eng ineer ing  purposes ,  U* is o f t e n  approximated by: 
u* = JgRs 
where : g = g r a v i t a t i o n a l  a c c e l e r a t i o n  
R = t h e  hyd rau l i c  r a d i u s  
S = t h e  s l o p e  
The h y d r a u l i c  r a d i u s  is  def ined  as t h e  channe l ' s  c r o s s - s e c t i o n a l  
a r e a  d iv ided  by i ts  wet ted pe r ime t e r ,  and is  o f t e n  approximated by t h e  
dep th .  The R* t hus  becomes: 
The Incrementa l  Methodology models p rov ide  v a l u e s  f o r  t h e  mean 
column v e l o c i t y  and t h e  Manning roughness c o e f f i c i e n t  n .  The Manning 
equa t i on  i s  a commonly used emp i r i c a l  formula f o r  c a l c u l a t i n g  open 
channel  f lows.  One form of t h i s  equa t i on  is: 
where : v = mean column v e l o c i t y  
1 Cm = a c o n s t a n t  w i th  u n i t s :  l e n g t h  ,-/time 3 
n = t h e  roughness c o e f f i c i e n t  which is h ighe r  f o r  
rougher beds . 
S t a t z n e r  (1981) u s e s  a similar fo rmu la t i on  t o  t h e  Manning equa t i on  t o  
develop an index of h y d r a u l i c  stress. 
A b e t t e r  approximat ion of t h e  shea r  v e l o c i t y  may b e  ob ta ined  by 
us ing  t h e  Manning equa t i on  t o  approximate a v a l u e  of S ,  u s ing  t h e  known 
v a l u e s  of v and n .  S i s  probably t h e  most ambiguous term i n  t h e  Reynolds 
number: s l o p e s  i n  h y d r a u l i c  equa t i ons  can r e f e r  t o  bottom s l o p e s ,  wa te r  
s u r f a c e  s lopes ,  o r  energy s lopes  ( t h e  energy l o s s  per  u n i t  s t ream l e n g t h ) .  
Solving the  Manning equa t ion  f o r  S and s u b s t i t u t i n g  i n t o  t h e  Reynolds 
number equa t ion  y i e l d s :  
There a r e  assumptions involved wi th  t h i s  parameter,  inc lud ing  : 
p a r t i c l e s  a r e  assumed t o  be round i n  shape,  and of uniform s i z e  f o r  each 
s u b s t r a t e  type. For many stream r i f f l e s ,  t he se  assumptions a r e  acceptab le ,  
s i n c e  R* w i l l  be ca l cu l a t ed  i nd iv idua l ly  f o r  a  number of po in t s  i n  a  s t ream, 
n o t  f o r  t he  s t ream a s  a  whole. The n a t u r a l  fo r ce s  of sediment t r a n s p o r t  
and e ros ion  usua l ly  r e s u l t  i n  wel l -sor ted g r a d i e n t s  of s u b s t r a t e  s i z e s ,  a t  
l e a s t  w i t h i n  t h e  d i s t a n c e s  of a  few f e e t  t h a t  a r e  modeled wi th  t h e  
Incremental  Methodology, and i n  many r i f f l e s  t h e  s tones  have been worn 
i n t o  semi-round shapes.  I n  ca se s  where t h e  s u b s t r a t e  i s  s i g n i f i c a n t l y  
o u t  of round o r  nonspher ica l ,  a  s p h e r i c i t y  v a l u e  between ze ro  and one can 
be appl ied  t o  e s t ima te  an e f f e c t i v e  diameter  ( F a i r  e t  a l . ,  1968) .  
There is  some ques t ion  about t he  u s e  of t h e  Manning n f a c t o r  i n  R*. 
The va lue  of n  is known t o  depend upon numerous f a c t o r s ,  such a s  channel 
con f igu ra t i on  and f l m  r a t e  a s  we l l  a s  t h e  bed roughness.  Thus, a s  n  i s  
a  func t ion  of many f a c t o r s ,  i t  may no t  be s u i t a b l e  t o  u se  a  va lue  of n  
determined f o r  t h e  channel a s  a  whole t o  c a l c u l a t e  R*. The IFG2 hydrau l i c  
model, employed i n  t h e  Incremental  Methodology ( r e f .  PHABSIM) uses  t h e  
v a l u e  of n  c a l i b r a t e d  f o r  each po in t  i n  t h e  channel f o r  which a  va lue  of 
R* would be ca l cu l a t ed .  Such l o c a l  va lues  of n  a r e  probably s u f f i c i e n t  
f o r  t h e  c a l c u l a t i o n .  
To demonstrate  t h e  c h a r a c t e r i s t i c s  of  R*, s e n s i t i v i t y  a n a l y s i s  has  
been performed by c a l c u l a t i n g  t h e  va lue  of R* f o r  a  v a r i e t y  of h y p o t h e t i c a l  
Table 2-1 S e n s i t i v i t y  Ana lys is  f o r  R* ( f r om Rai lsback, 1979) f o r  va r ious  
types o f  streams and stream h a b i t a t s  
Case ns R (Depth) V e l o c i t y  n  Temp R* 
(m) (m) ( m/s ec) ( c )  
A 1  o - ~  1.50 0.10 0.030 2 0  1  
. L 
stream condi t ibns .  %hese r&b3u1tsk0dre repor ted  i n  Table 2-1. I n  Table 2-1, 
Case A i s  t y p i c a l  of a l a r g e  r i v e r  o r  pool h a b i t a t ,  where t h e  water  i s  
t y p i c a l l y  deep (R = 1.50 m) and slow (0.10 m/sec),  wi th  a f i n e  sand 
bottom ( i .  e . ,  n = 0.030) . Case C' i s  t y p i c a l  of a r i f f l e  i n  a midwestern 
stream: the  water i s  shallow (0.20 m) , moderately f a s t  (0.50 m/sec) , 
with a g rave l  s u b s t r a t e  (n = 0.040). Case E r ep re sen t s  a t o r r e n t i a l  
mountain s t ream character5zed"by i ts  sha l low depth (0.20 m), very  f a s t  
(1.0 m/sec) and cold water ,  w i th  l a r g e  cobble s u b s t r a t e  (n = 0.050).  
Cases B and D (Table 2-1) r ep re sen t  in te rmedia tes  between the  extreme 
cases  and a t y p i c a l  midwes.tgra r.if f l e .  
3. MICROVELOCITY MEASUREMENTS I N  VARIOUS SUBSTRATE 
TYPES AND FLOW CONDITIONS 
3.1 PUPSOSE 
The S e r i e s  2 t he rmi s to r  v e l o c i t y  probe prov ides  t h e  c a p a b i l i t y  t o  
measure l o c a l  v e l o c i t i e s  a t  p o i n t s  on t h e  benthos which a r e  important  t o  
a q u a t i c  i n s e c t s .  The purposes  of t h i s  i n v e s t i g a t i o n  were: 1 )  t o  examine 
t h e  u t i l i t y  of t h e  S e r i e s  2  m ic rove loc i t y  probe i n  t h e  l a b o r a t o r y  a t  
v a r i o u s  v e l o c i t i e s ,  dep th s ,  and on d i f f e r e n t  s u b s t r a t e  types ;  and 2) t o  
e v a l u a t e  t h e  u t i l i t y  of t h e  R* a s  a means f o r  modeling a q u a t i c  i n s e c t  
m ic rohab i t a t .  
3 . 2  METHODS 
Three s u b s t r a t e  types  were used t o  de te rmine  mic rohab i t a t  cond i t i ons :  
l a r g e  cobble  w i th  mean d iamete r  of  10  cm; medium g r a v e l  w i th  mean d iamete r  
of 5.4 cm; and, sma l l  g r a v e l ,  2.5 cm i n  d iamete r .  For each s u b s t r a t e  t ype ,  
two d i f f e r e n t  m ic rohab i t a t s  were cons idered  important :  ve ry  nea r  t h e  
s u r f a c e  of t h e  rock  and 0.7 cm above t h e  s u r f a c e ,  above t h e  zone of low 
v e l o c i t y  near  t h e  s u r f a c e  of t h e  s u b s t r a t e  and approximately  where a  n e t  
sp inn ing  c a d d i s f l y  might  have i t ' s  n e t .  The s u r f a c e  measurement w a s  made 
by ho ld ing  a S e r i e s  2  t he rmi s to r  nea r  t h e  rock  s u r f a c e ,  s o  t h a t  t h e  
sens ing  element i t s e l f  was h a l f  t h e  d iamete r  of t h e  t he rmi s to r  o r  0.09 cm 
above t h e  rock  s u r f a c e .  Th i s  i s  w i t h i n  t h e  range  where many i n s e c t s  would 
have t h e i r  g i l l s .  
A bed of each of t h e  t h r e e  s u b s t r a t e  s i z e s  was made i n  a  l a r g e  
exper imenta l  f lume w i t h  dimensions 49 m long ,  1 . 8  m wide,  and 1 . 2  m h igh .  
Flow r a t e s  up t o  .19 cub i c  me t e r s  p e r  second were a v a i l a b l e  i n  t h e  flume, 
and by va ry ing  t h e  f low and t h e  e l e v a t i o n  of t h e  t a i l g a t e  a  v a r i e t y  of 
dep th s  and v e l o c i t i e s  were produced. For each of t h e s e  f lows t h e  dep th  
was recorded d i r e c t l y  above t h e  s i t e  of  the  microve loc i ty  measurements i n  
each rock s i z e .  The s lope  was determined by measuring t h e  wa te r  s u r f a c e  
e l e v a t i o n  a t  each end of t h e  rock bed. These measurements were used t o  
c a l c u l a t e  R* f o r  each p a r t i c l e  s i z e  and flow regime, us ing  t h e  approximation 
U* = &E. 
Microve loc i t i e s  w e r e  measured with t h e  S e r i e s  2 v e l o c i t y  probe a t  f ou r  
p o i n t s  w i t h i n  each s u b s t r a t e  bed. These p o i n t s  were on  the  top  and s i d e  of 
two marked rocks ,  and microve loc i ty  was measured nea r  t h e  s u r f a c e  ( a t  .09 cm) 
and a t  .7 cm above the  s u r f a c e  of t he  rock a t  each of t h e s e  po in t s .  I t  
should be  noted t h a t  t he  obtained measurements may n o t  be r e f l e c t i v e  of t h e  
a c t u a l  i n s e c t  microhabi ta t  a s  po in t  v e l o c i t y  measurements were taken  only 
on  t h e  t o p s  and s i d e s  of t he  s u b s t r a t e s .  Other  f a c t o r s ,  such a s  per iphyton 
growth, which would be expected t o  a l t e r  flow cha rac t e r  is  t i c s  and t h e  f a c t  
t h a t  i n t e r s t i t i a l  space measurements were no t  obtained would account  f o r  
t h e  p o s s i b l e  l i m i t a t i o n  of ex t r apo la t i ng  the  r e s u l t s .  A s  should be expected 
i n  measuring tu rbu len t  flow t h e r e  was a g r e a t  d e a l  of f l u c t u a t i o n  i n  micro- 
v e l o c i t y  both between p o i n t s  on t h e  s u b s t r a t e  and over time a t  one po in t .  
Because of t h i s  v a r i a b i l i t y ,  t h e  microve loc i ty  used i n  t h e  r e s u l t s  i s  an 
average of t h e  va lues  measured a t  each of t he  f o u r  p o i n t s .  The va lues  
measured a t  .09 cm and a t  .7 cm were analyzed s e p a r a t e l y .  
3 .3  RESULTS AND DISCUSSION 
3 .3 .1  Evalua t ion  of R* a s  a Microhab i t a t  I n d i c a t o r  
Once R* and t h e  corresponding mic rove loc i t i e s  had been measured 
i n  t h e  flume i t  was necessary t o  look f o r  some r e l a t i o n  between t h e  two 
parameters .  Because t h e  va lues  of bo th  parameters  ranged over s e v e r a l  
o rde r s  of magnitude t he  d a t a  was f i r s t  p l o t t e d  on log-log graphs ,  These 
graphs,  shown i n  F igures  3 .1  and 3.2 show a l a r g e  degree of s c a t t e r  i n  
t h e  lower range of R*, b u t  a  s i g n i f i c a n t  degree  of c o r r e l a t i o n  a t  h igher  
va lues .  A pos s ib l e  explana t ion  f o r  t h e  s c a t t e r  i s  suggested by t h e  
observa t ion  t h a t  i t  appears  when R* f a l l s  below about  1000. According 
t o  Sh ie ld s  (1936) t h e  t r a n s i t i o n  from t u r b u l e n t  t o  laminar  flow occurs  
when R* f a l l s  below around 70. Th i s  t r a n s i t i o n  r e g i o n  i s  n o t  we l l  def ined  
(Simons and Senturk,  1977) and i t  may be t h a t  changes i n  t h e  na tu re  of 
flow due t o  t h e  t r a n s i t i o n  t o  t h e  laminar flow regime may a l t e r  t h e  r e l a -  
t i o n  between R* and microve loc i ty .  The problem may a l s o  b e  r e l a t e d  t o  t h e  
d i f f i c u l t y  i n  a c c u r a t e l y  measuring low v a l u e s  of t h e  s l o p e .  
I n  o rde r  t o  ana lyze  t he  d a t a ,  t h e  va lues  w i t h i n  t h i s  s c a t t e r e d  
range were d e l e t e d .  For microve loc i ty  measured a t  .09 cm, t h e  equa t ion  
found was : 
where IN i s  t h e  average measured microve loc i ty  f o r  each R*. The c o e f f i c i e n t  
of c o r r e l a t i o n  i s  ,895 f o r  t h i s  curve.  For microve loc i ty  a t  .7 cm t h e  
equa t ion  was: 
The c o e f f i c i e n t  of c o r r e l a t i o n  was .877. 
Because t h e  exponents of t he se  two power func t ions  were near  1, 
l i n e a r  r e g r e s s i o n  was a l s o  performed. For microve loc i ty  a t  .09 cm, t h e  
l i n e  was found t o  be: 
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The p l o t  of t h i s  l i n e  i s  presented i n  F igure  3 .3  and F igure  3.5.  The l i n e  
f o r  microve loc i ty  .7 cm above t h e  s u r f a c e  was: 
MV = 0.0093R* + 2.7 
The c o e f f i c i e n t  of c o r r e l a t i o n  were .952 and ,947, r e s p e c t i v e l y .  
There. is s t i l l  s c a t t e r  i n  t he se  f u n c t i o n s ,  b u t  given t h e  
n a t u r a l  f l u c t u a t i o n  i n  t u rbu len t  flow and d i f f i c u l t i e s  i n  measuring 
microve loc i ty  t he  c o r r e l a t i o n  between R* and microve loc i ty  i s  q u i t e  
good. 
It is  emphasized t h a t  t he  measurements of microve loc i ty  made 
i n  t h i s  experiment w e r e  made on t h e  s i d e s  and tops  of  s u b s t r a t e  e lements ,  
s u r f a c e s  which a r e  p a r a l l e l  t o  t h e  d i r e c t i o n  of flow. Experimentation 
wi th  t h e  v e l o c i t y  probe ind i ca t ed  t h a t  t h e  r e l a t i o n  between microve loc i ty  
and R* would be  d i f f e r e n t  f o r  mic rove loc i t i e s  measured on d i f f e r e n t  
s u r f a c e s  such a s  t he  f r o n t ,  back, o r  unders ides  of rocks .  However, it 
should be  remembered t h a t  t h e  i n t e n t  of a  h a b i t a t  i n d i c a t o r  such a s  R* 
i s  n o t  n e c e s s a r i l y  t o  f i n d  a c t u a l  va lues  of microve loc i ty  b u t  t o  provide 
an i n d i c a t i o n  of t h e  o v e r a l l  f low condi t ions  w i t h i n  t h e  s u b s t r a t e  a s  was 
t he  purpose of t h i s  experiment.  For R+r va lues  above about  1000, R ~ C  appears  
t o  a c c u r a t e l y  p r e d i c t  t h e  f low cond i t i ons  w i t h i n  t h e  s u b s t r a t e  and t o  be 
a  u s e f u l  t o o l  f o r  modeling a q u a t i c  i n s e c t  h a b i t a t .  
3.3.2 Comparison of R* t o  Depth and Veloc i ty  a s  Microhabi ta t  
I n d i c a t o r s  
The most common parameters p r e s e n t l y  used t o  model h a b i t a t  
a r e ,  a s  p rev ious ly  d i scussed ,  depth,  v e l o c i t y ,  and s u b s t r a t e  type.  The 
d a t a  c o l l e c t e d  i n  t h i s  experiment a l s o  al lows t h e  c o r r e l a t i o n  
of dep th  and mean column v e l o c i t y  w i t h  mic rove loc i t y .  These two paramete rs  
were p l o t t e d  a g a i n s t  m ic rove loc i t y  i n  F igu re s  3.4 and 3 .5 ,  f o r  measurements 
made a t  .09 cm. P o i n t s  p l o t t e d  were r e s t r i c t e d  as i n  t h e  p r ev ious  
r e g r e s s i o n  equa t i ons  t o  v a l u e s  i n  t h e  t u r b u l e n t  regime. I t  i s  obvious 
from t h e s e  f i g u r e s  t h a t  n e i t h e r  dep th  no r  v e l o c i t y  a l one  i s  an adequa te  
p r e d i c t o r  of m ic rove loc i t y .  Comparison t o  a  p l o t  of R* ve r su s  micro- 
v e l o c i t y  on a similar l i n e a r  s c a l e  (F ig .  3.3) shows t h e  s u p e r i o r i t y  of  
m ic rove loc i t y  p r e d i c t i o n  when t h e  m i c r o h a b i t a t  parameters  a r e  combined 
i n t o  t h e  boundary l a y e r  Reynolds number. 
3.3.3 Example of R* Use f o r  Studying Aquat ic  I n s e c t  Mic rohab i t a t  
To f u r t h e r  demonstra te  t h e  u t i l i t y  of  R* as a  d e s c r i p t o r  of  
a q u a t i c  i n s e c t  m ic rohab i t a t ,  ne t - sp inn ing  c a d d i s f l i e s  (Symphytopsyche 
c h e i l o n i s )  were placed i n t o  a r e c i r c u l a t i n g  a r t i f i c i a l  s t ream channel  
(10 m long x  6 .5  m wide) con t a in ing  two s u b s t r a t e  t ypes ,  cobble  and 
sand (n  = 0.045 and 0.030, r e s p e c t i v e l y ) .  The organisms were a l lowed t o  
d i s p e r s e  throughout  t h e  channel  f o r  a t h r e e  week pe r i od  and t h e  wate r  
l e v e l  a d j u s t e d  once d a i l y  t o  ma in t a in  a c o n s t a n t  dep th ;  t empera ture  w a s  
mainta ined a t  15OC. A t  t h e  end of t h i s  p e r i o d ,  t h e  mean column v e l o c i t y  
(Pygmy Gurley mete r )  and wa t e r  dep th  were  determined f o r  each 0 .3  m 
l e n g t h  s e c t i o n  and t h e  s u b s t r a t e  w i t h i n  each s e c t i o n  sampled f o r  
S. c h e i l o n i s  u s ing  a modif ied Surber  sampler .  
- 
The r e s u l t s  a r e  r epo r t ed  i n  F ig s .  3.6 and 3.7. These d a t a  
i n d i c a t e  t h a t  - S. c h e i l o n i s  w a s  found a t  a l l  column v e l o c i t i e s  up t o  
16 .0  cm/sec. The maximum mean column v e l o c i t y  w i t h i n  t h e  channel  was 
16 .5  cm/sec.  
- S. c h e i l o n i s  a l s o  occur red  a t  wa t e r  dep ths  rang ing  from 
2  cm up t o  16 cm, a l though  no l a r v a e  were c o l l e c t e d  a t  dep ths  between 1 2  
and 14 cm. The m a j o r i t y  of l a r v a e  were c o l l e c t e d  w i t h i n  t h e  8-10 cm dep th  
range  ( i . e . , 4 8 % ) a n d  a t  mean column v e l o c i t i e s  of 6-10 cm/sec (F ig .  3 . 7 ) .  
Indicates % of 0.3m Areas 
Within R N  Range (ie. Available 
Habitat Category) 
RANGE OF R %  VALUES 
ENCOUNTERED IN STREAM 
F i g .  3-6. The o c c u r r e n c e  of S .  c h e i l o n i s  i n  a  l a b o r a t o r y  
a r t i f i c i a l  s t r e a m  w i t h  r e g a r d s  t o  e x i s t i n g  R* 
and t h e  p e r c e n t  o c c u r r e n c e  of each R* c a t e g o r y  
( l i n e d  b a r s )  w i t h i n  t h e  s t r e a m  channe l .  
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Examination of F ig .  3-6 i n d i c a t e s  t h a t  - S .  c h e i l o n i s  occurred 
i n  s e c t i o n s  of t h e  s t r e am channel  w i t h  R* ranging from less than  100 up t o  
a  maximum of 3000. No l a r v a e  were found i n  r e g i o n s  of  t h e  channel  where 
t h e  R* va lue  was g r e a t e r  than 3000 a l though  4% of t h e  t o t a l  a v a i l a b l e  
h a b i t a t  had such boundary l a y e r  c h a r a c t e r i s t i c s .  Furthermore,  examinat ion 
of F ig .  3-6 i n d i c a t e s  t h a t  i n  R* va lue  ranges  where - S .  c h e i l o n i s  occurred 
( i . e . ,  lower  range  0-500; upper range  2500-3000),the p e r c e n t  occur rence  w a s  
l e s s  than  t h e  a r e a  a v a i l a b l e  when compared w i th  t h e  i n t e r m e d i a t e  R* c a t e -  
g o r i e s  ( i  . e . ,  500-2500) . This  a n a l y s i s  i n d i c a t e s  i n t e r m e d i a t e  R* v a l u e s  
c o n t a i n  g r e a t e r  numbers of l a r v a e  than  would b e  expected based on h a b i t a t .  
Th is  sugges t s  a s e l e c t i o n  by t h e  popula t ion  towards t h e  more i n t e r m e d i a t e  
R* va lue s .  Although h a b i t a t  s a t u r a t i o n  w a s  n o t  demonstrated i n  t h i s  
exper iment ,  t h e s e  d a t a  sugges t  t h a t  f u t u r e  exper iments  on compe t i t i ve  
i n t e r a c t i o n s  f o r  a v a i l a b l e  h a b i t a t  space  i n  l a b o r a t o r y  s t reams  should 
concen t r a t e  on a r e a s  of s t ream wi th  h y d r a u l i c  c h a r a c t e r i s t i c s  w i t h i n  a 
R* v a l u e  range  of 500-2500. 
3.3.4 Discuss ion  
The boundary l a y e r  Reynolds number R* h a s  been  shown t o  be a 
u s e f u l  pa ramete r  i n  d e s c r i b i n g  t h e  mic rohab i t a t  c o n d i t i o n s  f o r  a q u a t i c  
i n s e c t s .  The v e l o c i t y  w i th in  sm a l l  g r a v e l  t o  cobble  s u b s t r a t e s  w a s  r e l a t e d  
t o  R>t, f o r  a range  of R;k v a lue s  from l e s s  than  1000 t o  g r e a t e r  t han  10,000, 
we f e e l  t he  p r e s e n t  h y d r a u l i c  models adapted t o  i n s t r eam f low modeling can  
e a s i l y  b e  modif ied t o  c a l c u l a t e  R*. The u s e  of  R* p rov ide s  a  sound 
s t a r t i n g  p l a c e  f o r  t h e  development of a h a b i t a t  q u a l i t y  model f o r  b e n t h i c  
organisms.  
Although R* may be  u s e f u l  p r e d i c t i o n  of bottom v e l o c i t y  
whether o r  n o t  a q u a t i c  i n s e c t s  a c t u a l l y  have s t r o n g  p r e f e r ences  f o r  
c e r t a i n  mic rove loc i t y  ranges  must s t i l l  b e  determined.  There  i s  evidence 
i n  t h e  l i t e r a t u r e  t h a t  i n s e c t s  do s e g r e g a t e  p h y s i c a l  h a b i t a t  based on  
v e l o c i t y  and s u b s t r a t e  type ( A l l e n ,  1975; Cummins, 1964; Cummins and 
L a u f f ,  1969; Curry,  1962; Edington,  1968; Gauf in ,  1962; Leonard,  1962; 
W i l l i a m s  and Hynes , 1973; Smith and D a r t n a l l ,  1980; S t a t z n e r  , 1981) . 
U n f o r t u n a t e l y ,  i t  i s  o f t e n  n o t  p o s s i b l e  t o  d i r e c t l y  r e l a t e  l i t e r a t u r e  
measurements of v e l o c i t y  and s u b s t r a t e  t o  a m i c r o v e l o c i t y  p r e f e r e n c e .  
Such p r e f e r e n c e  ranges  were determined by S t a t z n e r  (1981) f o r  h i s  
h y d r a u l i c  s t r e s s  index  b u t  t h e s e  v a l u e s  were  l i m i t e d  mainly  t o  sand 
s u b s t r a t e s .  
S i n c e  R* h a s  been shown t o  b e  d i r e c t l y  r e l a t e d  t o  micro- 
v e l o c i t y ,  macrohab i ta t  measurements n e c e s s a r y  t o  e v a l u a t e  R* ( e . g . ,  
measurements of d e p t h ,  v e l o c i t y ,  t empera tu re  and s u b s t r a t e  assessment )  
may be  taken i n s t e a d .  Using t h i s  in fo rmat ion ,  f u n c t i o n s  o f  abundance 
v e r s u s  m i c r o v e l o c i t y  o r  R* may be  determined f o r  each t a r g e t  s p e c i e s .  
T h i s  sugges ted  approach is  similar t o  t h a t  proposed by Gore and Judy 
(1981) f o r  a model t o  p r e d i c t  m a c r o i n v e r t e b r a t e  d e n s i t y  i n  i n s t r e a m  flow 
needs a n a l y s e s .  There  have been  many f i e l d  s t u d i e s  under taken  f o r  which 
t h i s  d a t a  h a s  been c o l l e c t e d  (Bovee e t  a l . ,  1978; H e r r i c k s  and F u r n i s h ,  
1 9 8 0 ) ,  and i t  may b e  reana lyzed  t o  r e l a t e  R* t o  t h e  a q u a t i c  i n s e c t  
community . 
A s  w i t h  f i s h ,  t h e r e  a r e  compl ica t ing  f a c t o r s  caused by 
d i f f e r e n c e s  i n  n i c h e  dimensions of each  l i f e  s t a g e s  of a  s p e c i e s .  For 
example, Cummins (1964) showed t h a t  n i c h e  s e g r e g a t i o n  by s u b s t r a t e  s i z e  
can occur  between i n s t a r s  f o r  some c a d d i s f l y  l a r v a e .  The importance of 
l i f e  h i s t o r y  i n  a q u a t i c  i n s e c t  eco logy  i s  d i s c u s s e d  a t  l e n g t h  by 
Wynes (1970).  
There  a r e  o t h e r  e c o l o g i c a l  compl ica t ions  t h a t  need t o  b e  
c o n s i d e r e d  a s  w e l l ,  e s p e c i a l l y  i n  t h e  f o r m u l a t i o n  o f  v e l o c i t y  and sub- 
s t r a t e  p r e f e r e n c e  f u n c t i o n s  f o r  i n s e c t s .  There  i s  some ev idence  i n  t h e  
l i t e r a t u r e  t h a t  t h e  i n d i r e c t  e f f e c t s  of v e l o c i t y  may be more impor tan t  
than  t h e  a c t u a l  c u r r e n t  speed ,  and t h a t  a c t u a l  t o l e r a n c e  ranges  f o r  
v e l o c i t y  may b e  ve ry  broad.  E r ik sen  (1966) i n v e s t i g a t e d  t h e  i n d i r e c t  
e f f e c t s  of v e l o c i t y ,  e s p e c i a l l y  t h e  t r a n s p o r t  of  oxygen t o  i n s e c t s  g i l l s .  
U l f s t r and  (1967) p r ed i c t ed  wide t o l e r a n c e  ranges  f o r  d i r e c t  e f f e c t s  of 
v e l o c i t y  because of t h e  l a r g e  n a t u r a l  f l u c t u a t i o n  i n  s t reamf lows ,  and 
hypothesized t h a t  a major r o l e  of s u b s t r a t e  i s  i n  t h e  p rov i s i on  of pe r i -  
phyton, d e t r i t u s ,  and prey s p e c i e s  f o r  food.  I n  one of t h e  most c a r e f u l  
s t u d i e s  of m ic rohab i t a t  t o  d a t e ,  Rabeni and Minsha l l  (1977) showed t h a t  
f o r  some i n s e c t s  a  v e r y  wide t o l e r a n c e  range f o r  v e l o c i t y  i s  demonstrated 
i f  s u i t a b l e  s u b s t r a t e  i s  provided.  Th is  sugges t s  t h a t  i n  some ca se s  t h e  
most impor tan t  f u n c t i o n  of  v e l o c i t y  may be  i t s  r o l e  as a  t r a n s p o r t e r  and 
s o r t e r  of sediment  t o  p rov ide  s u i t a b l e  s u b s t r a t e .  A l t e r n a t i v e l y  i n  
I l l i n o i s ,  i t  may w e l l  b e  t h a t  t h e  l i m i t i n g  f a c t o r  i n  i n s t r eam flow needs 
a n a l y s e s  f o r  a q u a t i c  i n s e c t s  is  t h e  need f o r  enough f low t o  p reven t  
s i l t a t i o n  of s t o n e  r i f f l e s .  
The a b i l i t y  t u  model m ic rove loc i t y  by using t h e  boundary 
l a y e r  Reynolds number R*, t h e  gene ra t i on  of p r e f e r ence  f u n c t i o n s  of 
i n s e c t s  f o r  R*, p rov ide  an a l t e r n a t i v e  approach t o  a s s e s s i n g  a q u a t i c  
i n s e c t  h a b i t a t  q u a l i t y .  Cons idera t ion  of e c o l o g i c a l  f a c t o r s  wi th  a n  
assessment  based on  R* may provide a sound and r e a d i l y  app l i ed  methodology 
f o r  modeling a q u a t i c  i n s e c t  h a b i t a t .  
4.  A STUDY OF THE DISTRIBUTION OF AQUATIC INSECTS AS 
RELATED TO R* I N  FIVE ILLINOIS STREAMS 
4 . 1  PURPOSE 
P r e v i o u s  i n v e s t i g a t o r s  (Bovee e t a l . ,  1978; Gore ,1978)  examined t h e  d i s t r i -  
b u t i o n  of i n v e r t e b r a t e s  w i t h  r e g a r d s  t o  s u b s t r a t e  and t u r b u l e n c e  u s i n g  t h r e e  
d i m e n s i o n a l  s u r f a c e s  and c e n t r o i d  c a l c u l a t i o n s .  Froude number, m i c r o p r o f i l e  
index  and d i v e r s i t y  ( o r  t h e  abundance of  a  t a x a )  were  employed a s  v a r i a b l e s .  
T h i s  s t u d y  was des igned  t o  ex tend  h a b i t a t  d e s c r i p t i o n s  based on  Reynolds 
numbers w i t h  i n f o r m a t i o n  r e l a t i n g  t o  s h e a r  s t r e s s  ( i . e . ,  R'k). The purposes  
of t h i s  s t u d y  were:  1 )  t h e  development of  a  f i e l d  method f o r  d e t e r m i n i n g  
t h e  i n s t r e a m  f low requ i rements  of a q u a t i c  i n s e c t s ;  and 2) t h e  g e n e r a t i o n  of  
a  s u i t a b l e  d a t a  b a s e  f o r  examining t h e  a p p l i c a b i l i t y  o f  u s i n g  R* a s  a  means 
of modeling a q u a t i c  i n s e c t  communities.  
4.2 INTRODUCTION 
Stream h a b i t a t s  have been d e s c r i b e d  a s  ephemeral  c o n s t r u c t s  of t h e  
c o n s t a n t l y  changing p h y s i c a l  and chemical  c h a r a c t e r i s t i c s  of  s t r e a m  f l o w  
( H e r r i c k s  and F u r n i s h ,  1 9 8 0 ) ,  w i t h  d i s c h a r g e  recogn ized  a s  t h e  c o n t r o l l i n g  
f a c t o r .  Organisms i n h a b i t i n g  a s t r e a m  system have  evolved w i t h  t h e  
changing n a t u r e  of t h e i r  h a b i t a t .  D e s p i t e  t h e  numerous b e h a v i o r a l  and 
morpho log ica l  a d a p t a t i o n s  of  a q u a t i c  f a u n a ,  d i s t r i b u t i o n s  a r e  s u b j  e c t  
t o  a l t e r a t i o n s  due  t o  u n n a t u r a l  and c a t a s t r o p h i c  e v e n t s .  
A major  a r e a  of s t u d y  i n  s t r e a m  eco logy  i s  d e t e r m i n i n g  t h e  manner i n  
which env i ronmenta l  pa ramete r s  a f f e c t  t h e  d i s t r i b u t i o n  of a q u a t i c  organisms.  
The c o l l e c t i o n  of d a t a  of t h i s  n a t u r e  i s  i m p o r t a n t  n o t  o n l y  f rom a p u r e l y  
academic p o i n t  of view, b u t  sound d a t a  of t h i s  t y p e  c o n t r i b u t e s  t o  a n  
understanding of instream flow requirements which is e s s e n t i a l  i n  stream 
management res to ra t ion ,  protection,  and maintenance. Despite t he  f a c t  
t h a t  an  extensive l i t e r a t u r e  ex f s t s  fo r  benthic inver tebra te  ecology, the  
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s u i t a b i l i t y  of t h a t  l i t e r a t u r e  f o r  development of habitatlorganism 
re la t ionsh ips  which would be compatible with ex i s t ing  management too l s  
such a s  the  instream flow methodologies is l imited (Herricks and Furnish, 
1980) . 
4.3 STUDY SITES 
Benthic macroinvertebrates w e r e  col lec ted from f i v e  streams i n  I l l i n o i s  
from August, 1980 through August, 1981. Two of the  streams, Big Creek and 
Hutchins Creek, w e r e  located i n  southeastern I l l i n o i s  i n  the  Shawnee 
National Forest .  This a r ea  i s  characterized by mature deciduous fo r e s t s  
and r e l a t i ve ly  s teep  stream gradients  i n  r o l l i ng  h i l l s .  Two other  streams, 
Apple River and Kishwaukee River were located i n  the northwestern and 
nor thcentra l  port ion of the  state. The f i f t h  s i t e  w a s  located i n  the  
S a l t  Fork River, approximately 2 km upstream of the confluence with Jordan 
Creek i n  eas tcen t ra l  I l l i n o i s .  These f i v e  sites were se lected f o r  study 
due t o  the  d iverse  physiographic cha r ac t e r i s t i c s  and annual mean temperature 
regimes t h a t  they represented. 
4.4 METHODS 
Replicate benthic macroinvertebrate samples were col lec ted per iodical ly  
from each of the  sampling sites from August, 1980 through August, 1981 using 
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a standard Surber sampler (area 0.3 m2; co l l e c t i on  ne t  20 meshlcm ; agi ta-  
t i o n  depth 5 cm). The samples were col lec ted i n  a non-random fashion i n  
order  t o  sample a s  many of the  hab i t a t  types (i.e., ve loc i ty ,  depth, sub- 
s t r a t e  combinations) a s  possible.  Organisms were preserved i n  70% ETOH 
and returned to the  laboratory f o r  taonomic iden t i f i ca t ion .  
P r i o r  t o  a g i t a t i o n  of t h e  s u b s t r a t e  enc losed  by t h e  sample r ,  b u t  
fo l lowing  sampler i t s  placement,  t h e  mean column v e l o c i t y  i n  f r o n t  of t h e  
S u r b e r  sampler and t h e  t o t a l  dep th  of t h e  wa te r  were determined.  Mean 
column v e l o c i t y  was determined by p l a c i n g  t h e  s e n s i n g  u n i t  of a Marsh- 
McBirney f l o w  meter  a t  0.6 of t h e  t o t a l  d e p t h .  E s t i m a t e s  of t h e  average  
s u b s t r a t e  p a r t i c l e  d iamete r  enc losed  by t h e  Surber  and t h e  w a t e r  tempera- 
t u r e  (hand h e l d  thermometer) were a l s o  determined.  These d a t a  were p laced  
i n t o  t h e  e q u a t i o n :  
1 / 2  R-1/6 Vn 
Ds R" = - ( s e e  eq .  5;  S e c t i o n  2) 
vCm 
which was used t o  de te rmine  t h e  Reynolds number f o r  each sample. 
The r e l a t i o n s h i p  of R* t o  s p e c i e s  r i c h n e s s ,  t o t a l  number o f  i n d i v i d u a l s ,  
and t h e  Shannon-Wiener s p e c i e s  d i v e r s i t y  (HI) were  determined u s i n g  Spearman 
Rank nonparametr ic  c o r r e l a t i o n  a n a l y s i s .  Spec ies  d i v e r s i t y  was c a l c u l a t e d  
us ing  t h e  formula: 
where p i s  t h e  p r o p o r t i o n  of i n d i v i d u a l s  i n  t h e  i t h  s p e c i e s  of t h e  commun- i 
i t y .  The r a n g e  of R* v a l u e s  i n h a b i t e d  by t h e  most common t a x a  were a l s o  
de te rmined .  S i m i l a r l y ,  t h e  r e l a t i o n s h i p  between mean column v e l o c i t y  and 
d e p t h  w i t h  t h e  v a r i o u s  community s t a t i s t i c s  were e v a l u a t e d .  Most common 
t a x a  were a r b i t r a r i l y  chosen t o  b e  t h o s e  c o l l e c t e d  i n  g r e a t e r  t h a n  10% of  
t h e  t o t a l  number o f  samples c o l l e c t e d .  
4.5 RESULTS AND DISCUSSION 
A t o t a l  o f  217 m a c r o i n v e r t e b r a t e  t a x a ,  t h e  m a j o r i t y  o f  which were 
a q u a t i c  i n s e c t s  were c o l l e c t e d  d u r i n g  t h e  s t u d y  (Tab le  4-1). The most 
abundant a q u a t i c  i n s e c t  t a x a  belonged t o  t h e  f a m i l y  Chrionomidae ( o r d e r  
D i p t e r a )  and members o f  t h e  o r d e r s  Ephemeroptera (mayf l i es )  and T r i c h o p t e r a  
( c a d d i s f l i e s )  . 
T a b l e  4 - 1 .  T a x a  c o l l e c t e d  dur ing  t he  study a n d  t he  
c o r r e s p o n d i n g  t a x a  codes. 
AGYPETES I L L I N O I S  
CHEUMATOPSYCHE SP 
CHIMARRA OBSCURA 
CHIMARRA PROB. ATERRIMA 
DIPLECTRONA MEATQUI  
DOLOPH1:LUS SP. 
GLOSSOSOMA SP. 
HEL ICOPSYCHE B O R E A L I S  
HYDROPSYCHE B E T T E N I  
HYDROPSYCHE C U A N I S  
HYDROPSYCHE F R I S O N I  
HYDROPSYCHE F R I S O N I  
HYDROPSYCHE S I M U L I U M S  
HYDROPSYCHE Sp .  
H Y D R O P T I L A  PROB. A J A X  
H Y D R O P T I L L A  SP. 
H Y D R O P T I L L I D A E  
L E U C O T R I C H I A  P I C T I P E S  
MACRONEMA C A R O L I N A  
MACRONEMA ZEBRATUM 
NEOPHY L A X  AUTlJMlVUS 
N E U R E C L I P E S I S  SP! 
OCHROTRICHIA  R I E S I  
O C H R O T R I C H I A  SP. 
OCHROTRICHIA  XENA 
O E C E T I S  SP. 
O R T H O T R I C H I A  PROB. C R I S T A T A  
0RTHOTRICHI :A  SP. 
O R T H O T R I C H I A  T A R S A L I A  
PHYLOCENTROPUS P L A C I D U S  
POLY CENTROPUS FLAVUS 
PHCNOPSYCHE G U T T I F E R  
SYMPHITOPSYCHE B I F I D A  
SYMPHITOPSYCHE BRONTA 
SYMPHITOPSYCHE MOROSA 
SYMPHITOPSYCHE SP. 
SYMPHITOPSYCHE C H E I L O N I S  
SYMPHITOPSYCHE SPARNA 
A B L A B E S M Y I A  MALLOCHI  
ABLABESMY I A  SP. 
B R I L L I A  SP.  
C A R D I O C L A D I U S  SP 
CH1:RONOMUS R I  P A R I U S  
CHIRONOMUS SP. 
CHIRONOMUS STATEGERI  
CLADOTANYPUS SP. 
CLADOTANYTARSUS SP! 
CORYNONUERA T A R I S  
CRICOTOPUS B I C I N C T U S  
CRICOTOPUS INTERSECTUS 
CRICOTOPUS SP1.  
CRICOTOPUS S Y L V E S T R I S  SP GRP. 
CRICOTOPUS T I B I A L I S  SP GRP. 
CRICOTOPUS TREMIJLUS 
CRICOTOPUS T R I F A S C I A  
CRY PTOCHIRONOMUS SP! 
CRYPTOCHIRONOMUS FULVUS 
D I C R O T E N D I P E S  NEOMODESTIJS 
ENDOCHIRONOMUS SP.  
E U K I E F F E R I E L L A  SP 
E U K I E F F E R I E L L A  B A V A R I C A  S P  GRP. 
E U K I  E F F E R I E L L A  POTTHASTT 
T a b l e  4 - 1 .  ( C o n t . )  
E U K I E F F E R I E L L A  DISCOLORIPES 1 2 6  
E U K I E F F E R I E L L A  PSEUUOMONTANA 1 2 7  
EUORTHOCLADIUS (TYPE I. SOPON I S )  1 4 0  
HETEROTRI SSOCLADIUS SP 1 3 8  
L A B R U N D I N I A  SP. 1 3 6  
L A R S I A  SP. 1 4 1  
LAUTERBORN I E L L A  SP! 1 3 7  
MICROPSECTRA SP. 1 4 8  
PIICROTENDIPES CAELUM 1 5 8  
MICROTENDIPES SP! 1 6 2  
NANNOCLADIUS SP. 1 5 9  
NILOTANYPUS SP. 1 2 8  
ORTHOCLADIUS CLARKE1 1 2 9  
ORTHOCLADIUS DENTIFER 1 7 1  
ORTHOCLAD I U S  ROBACKT 1 7 2  
ORTHOCLADIUS SP. 2 0  1 
ORTHOCLAD I US-CR ICOTOPUS I (PROB. 0. OBUMBRATUS) 2 4 4  
O R T H O C L A D I U S - C r i c o t o p u s  I 1  2 2 9  
P A R A K I E F F E R I E L L A  SP 2 3 3  
PARAMETRIOCNEMUS SP. 2 0 3  
PARATANYTARSUS SP. 2 0 4  
PARATENDIPES SP. 2 0 2  
PENTANEURA SP. 2 3 2  
PHAENOPSECTRA F L A V I P E S  2 0 5  
PHAENOPSECTRA PROB! D Y A R I  2 0 6  
PHAENOPSECTRA SP! 2 3 7  
POLYPEDILUM CONVICTUM 2 3 6  
POLYPEDILUM FAXXAX 2 1  8 
POLYPEDILUM SCALAENUM 2 1  4 
POLYPEDILUM SP. 2 2 1  
POTTHASTIA  LONGIMANUS 2 2 3  
PROCLADIUS SP! 2 3 0  
PSECTROCLADIUS PSILOPTERUS 
PSUEDOCHIRONOMUS SP. 
PSUEDOSMITT I A  SP! 
RHEOCRICOTOPUS SP. 
RHEOTANYTARSUS SP. 
SYNORTHOCLALIIUS SP! 
SYNORTHOCLADIUS SP! 
TANYPUS GUERLUS GRP. 
TANYPUS SP. 
TANYTARSINI (TRIBE) 
TANYTARSUS SP. 
T H I E N E M A N I E L L A  SP. 
THIENEMANNIMYIA  SP GRP! 
TRISSOCLADIUS SP! 
XENOCHI RONOMUS SP. EPHEMEROPTERA 
AMELETUS L I N E A T U S  
B A E T I S  BRUNNEICOLOR 
BAET I S FLAV I ST I G A  
B A E T I S  FROMDALIS 
B A E T I S  HERODES 
B A E T I S  I N T E R C A L A R I S  
B A E T I S  SP 
BAET I S  VAGANS 
CAENIS  SP. 
CENTROPTILUM SP. 
DANNELLA L I T A  
EPHEMERA SP. 
EPHEMERELLA D E V E L I  ENS 
EPHEMERELLIDAE 
EPHORON SP. 
HEPTAGENIA MACULI  PENNIS  
HEPTAGENIA SP.  
T a b l e  4 - 1 .  ( C o n t . )  
HEPTAGEN I: I DAE 
HEXAGENIA SP. 
I S O N Y C H I A  SP. 
LEPTOPHLEBIA SP.  
PARALEPTOPHLEBIA SP. 
PARALEPTOPHLEBIA GUTTATA 
PARALEPTOPHLEBIA PRAEPEDITA 
PARALEPTOPHLEBIA MOERENS 
POTAMANTHUS SP . 
PSUEDOCLOEN DUBIUM 
PSUEDOCLOEN PARVULUM 
PSUEDOCLOEN PUNCTIVENTRI  S 
PSUEDOCLOEN SP. 
STENACRON G I L D E R S L E E V E I  
STENACRON INTERPUNCTATIJM 
STENACRON MINNETONKA 
STENACRON SP. 
STENONEMA ARES (TERMINATUM) 
STENONEMA EXIGUUM 
STENONEMA FEMORATUM 
STENONEMA I T H A C A  
STENONEMA MODESTUM (FORMERLY RUBRUM) 
STENONEMA NEPOTELLUM (MEDIOPUNCTATUM) 
STENONEMA PULCHELUM 
STENON EMA SP. 
STENONEMA T R I  PUNCTATUM 
TRICORYTHODES SP! PLECOPTERA 
ACRONIJERIA ABNORMIS 
ALLOCAPNIA SP 
ARCYNOPTERYX SP. 
ATOPERLA SP. 
BRACHYPTERA F A S C I A T A  
CHLOROPERLIDAE 
ISOPERLA CONFUSA 
ISOPERLA SP. 
PARACAPN I A  SP. 
PERLESTRA P L A C I D A  
TAENIOPTERYX N I V A L I S  COLEOPTERA 
AGABUS SP. 
BEROSUS SP. 
DUGIRAPHIA SP. 
DYTISCUS SP. 
ELMI: ClAE 
L IDDESSUS SP. 
MYCROCYLLOPEUS P U S I L L U S  
PELTODYTES SP. 
PSEPHENUS H E R R I C K I  
STENELMIS CRENATA 
STENELMIS DECORATA 
STENELMIS HUMEROSA 
STENELMIS SP. D I P T E R A  
ANTOCHA SP. 
ATHERYX SP. 
B E Z Z I A  SP. 
CNEPHIA SP. 
DACTYLOLABIS SP. 
D I C T A  SP. 
HEMERODROMIA SP. 
HEXATOMA SP. 
PALPOMYIA SP. 
POTAMYIA SP. 
PROSIMULIUM MIXTUM 
S I M U L  I DAE 
S I M U L I U M  SP. 
TABANIJS SP.  
T I P U L A  SP. 
T a b l e  4-1. ( C o n t .  ) 
TROPISTERNUS SP. MISC.  
A R G I A  SP. (ODONATA) 
ASELLUS SP. 
COENAGARION I D A E  (ODONATA) 
C O R I X I D A E  (HEMIPTERA)  
CORY DALUS CORNUTUS (MEGALOPTERA) 
DUGESTIA T I G R I N A  
FERRISA SP. (MOLLUSCA) 
GYRAULUS SP. 
H I R U D I N O I D E A  
HYALELLA AZTECTA 
HYDRACARINA 
HY PONEURA SP. 
ISCHNURA RAMBURI (ODONATA) 
NOTONECTA SP. 
OLIGOCHAETA 
PARAGYRACTIS SP. (LEPIDOPTERA)  
PHYSA SP. (GASTROPODA) 
P L A N A R I A  
P S I D I U M  SP. 
SIALIS SP. (MEGALOPTERA) 
VALVATA SP. (MOLLUSCA) 
V I V  I P A R I D A E  (MOLLUSCA) 
T a b l e  4-2. Community s t a t i s t i c s  f o r  each o f  t h e  70 Surber  Samples 
c o l l e c t e d  f r o m  Hu tch ins  Creek (HC), B i g  Creek (BC), Apple 
R i v e r  (AP), Kishwaukee R i v e r  (KS), and t h e  S a l t  Fo rk  R i v e r  
(SF) and t h e  co r respond ing  R* va lue .  
NO. NO. 
DATE SITE SAMPLE TAXA INDS. H ' R* 
1221 80 KS. 1233 9 5 2 2.076 4842 
S LES 1 
€SO6 1 
OSES 
EEO LZ 
SS9P 
068 1 
6S 18 1 
826L 
69L8 
0259 
E82L 1 
L8ZP 
Z89P 
66L 1 
8LLZ 
LO99 
SP88 
EEL6 
PLSP 
98E6 1 
EZZ8 
9ESO 1 
9 LEO 1 
6EOP 
6P89 1 
ZLZ6 
€6 LE 
681 1 
89EE 
&POP 
L808 
L66E 
PL LC 
ZP6Z 1 
SE LZ 1 
Z8EZ2 
SP6EE 
S9P' 1 
OOE ' 1 
926' 1 
180'1 
92s ' 1 
619' 1 
SPP ' 
EP9 ' 
L9L ' 
P6L ' 1 
9EO' L 
SLE'L 
9LL ' L 
L91'L 
62s ' 1 
S81'1 
OES ' L 
110'1 
8E6 ' 
P6E ' 1 
E6L ' 
SP9' 1 
EES ' 1 
OS9' L 
ILL' 
LEL' 
628' 
PEZ ' L 
90E ' 1 
S88 ' 
ZLP' 1 
LZS' 1 
9LS'L 
SEL'L 
856' L 
LZE ' L 
SLZ '2 
9P9'Z 
128' 1 
PPP L 1 
6L9 Z 1 
EP 0 1 
SOL 1 6 
9ZS 11 
926 S 1 
EP9 1 0 1 
LC29 6 1 
SSE P 1 
LSL P 1 
ZOE 1 P 1 
PEZ 1 EL 
SO6 L 6 
LZPZ S 1 
OOE E 1 
89P 8 
'SON1 VXWl 
'ON 'ON 
96E 1 
P6E 1 
E6E 1 
Z6E 1 
16E 1 
99E 1 
S9E 1 
P9E L 
E9E 1 
Z9E 1 
19E 1 
9PE 1 
SPE 1 
PPE 1 
EPE 1 
ZPE 1 
LPE 1 
LEE 1 
9EE 1 
SEE 1 
bEE 1 
EEE 1 
2EE 1 
LEE 1 
PZE 1 
EZE L 
ZZE L 
LZE 1 
90E 1 
SO& 1 
PO€ 1 
EOE 1 
ZOE 1 
Lot 1 
982 1 
S8Z 1 
P8Z 1 
€82 1 
282 1 
31dWWS 
18226 
18226 
18226 
18226 
18226 
18LOL 
18LOL 
18LOL 
18LOL 
18LOL 
18LOL 
18 LOL 
18 LOL 
18 LOL 
18 LOL 
18 LOL 
18 LOL 
L8E LS 
L8E LS 
L8E LS 
L8E LS 
L8E LS 
L8E LS 
L8E LS 
18E LS 
18E LS 
18E LS 
18E LS 
18EOS 
L8EOS 
18EOS 
18EOS 
18EOS 
18EOS 
18022 
18022 
18022. 
18012. 
18022 
uwa 
Reynolds v a l u e s  (R*) ranged from a mi-nimum of 318 t o  a  maximum of  
61,432 (Table  4-2). Both of t h e  extreme ranges  occurred i n  Hutchins  Creek. 
The minimum R* va lue  of  318 occurred i n  October of  1980, wh i l e  t h e  maximum 
R* v a l u e  occurred i n  February,  1981. The t o t a l  s t ream d i s cha rge  dur ing  
b o t h  pe r i ods  was very  s i m i l a r ;  t hus ,  t h e  s u b s t a n t i a l  v a r i a t i o n  i n  R* i s  
r e f l e c t i v e  of t h e  h e t e r o g e n e i t y  w i t h i n  t he  same reach .  The p r i n c i p a l  
d i f f e r e n c e  i n  t h e  minimum and maximum R* can  b e  a t t r i b u t e d  t o  mean column 
v e l o c i t y  d i f f e r e n c e s  a s  Surber  D i n  October ,  1980 (Sample 1144) had a mean 
column v e l o c i t y  of  2.5 cm/sec, wh i l e  Surber  C (Sample 1273) had a mean 
column v e l o c i t y  of  66 cm/sec. The wa t e r  dep th s  a t  t h e  two s i t e s  were 
12.7 cm and 12.2 cm, r e s p e c t i v e l y .  
The mean R* f o r  each of t h e  f i v e  s t reams  a r e  r epo r t ed  i n  Tab le  4.3. 
The h i g h e s t  mean v a l u e s  were recorded i n  t h e  Shawnee Na t i ona l  F o r e s t  
s t reams  ( i . e . ,  Hutchins  Creek mean R* = 18,425; Big Creek mean R* = 
16 ,760) .  These two s t reams  a l s o  had t h e  h i g h e s t  s t anda rd  d e v i a t i o n s  
of R* v a l u e s  (Table  4-3) which f u r t h e r  r e f l e c t s  t h e  v a r i a b i l i t y  of  
m i c r o h a b i t a t s  w i t h i n  a  reach .  
The remaining s t reams  i n  t h e  n o r t h e r n  ( i . e . ,  Apple River  and 
Kishwaukee River )  and e a s t  c e n t r a l  ( i . e . ,  S a l t  Fork) p o r t i o n  of  t h e  s t a t e  
had v e r y  s i m i l a r  mean R* v a l u e s  (Table 4-3) and similar v a r i a b i l i t y  ( i . e . ,  
s t anda rd  d e v i a t i o n s ) .  The s l i g h t l y  h ighe r  mean R* v a l u e s  i n  t h e  sou th-  
e a s t e r n  s t ream a r e  r e f l e c t i v e  of t h e  d i f f e r e n c e s  i n  t h e  physiography and 
l and  form and a r e  t y p i c a l  of t h e  Ozark r e g i o n  s t r e ams .  Desp i t e  t h e  
l a r g e  d i f f e r e n c e s  i n  t h e  average  R* v a l u e s  between t h e  f i v e  s t r e ams  (Table 
4-3), t h e  v a l u e s  were n o t  s t a t i s t i c a l l y  d i f f e r e n t  whenana lyzedus ing  an 
a n a l y s i s  of  v a r i a n c e  i n  t h e  R* w i t h i n  each s t ream.  Thus, t h e s e  d a t a  demons t ra te  
' 2  2 
Table 4-3. Reynolds number s t a t i s t i c s  f o r  each o f  t h e  
f i i e  r i v e r s  sampled du r i ng  t h e  p r o j e c t .  
R* 
Parameters 
Mean 10,724.5 8,029.3 18,424.8 11,281.5 10,164.9 
Standard 6,399.6 7,945.3 22,752.7 4,748.5 7,059.8 
Dev ia t i on  
Minimum 1,890 1,189 31 8 4,842 1 ,073 
Maximum 30,037 33,945 61,432 15,278 19,053 
t h a t  w h i l e  t h e r e  i s  s u b s t a n t i a l  v a r i a t i o n  i n  t h e  R* v a l u e  w i t h i n  t h e  
f i v e  s t r e a m s ,  t h e r e  are no s i g n i f i c a n t  i n t e r s y s t e m  v a r i a t i o n .  
The g r e a t e s t  mean s p e c i e s  r i c h n e s s  occur red  i n  t h e  S a l t  Fork R i v e r ,  
w h i l e  t h e  l o w e s t  mean s p e c i e s  r i c h n e s s  occur red  i n  t h e  Kishwaukee R i v e r  
(Table  4-4). The S a l t  Fork River  a l s o  had t h e  h i g h e s t  i n d i v i d u a l  s p e c i e s  
r i c h n e s s  v a l u e  w i t h  a  t o t a l  of 34 t a x a  o c c u r r i n g  i n  one sample w h i l e  t h e  
Hutchins  Creek s i t e  had on ly  s i x  t a x a  i n  one sample (Table  4-4). No 
s i g n i f i c a n t  d i f f e r e n c e s  were  d e t e c t e d  i n  t h e  s p e c i e s  r i c h n e s s  v a l u e s  
between t h e  f i v e  s t r e a m s  d u r i n g  t h e  s t u d y  which s u g g e s t s  a similar 
a v a i l a b i l i t y  of m i c r o h a b i t a t s  i n  a l l  f i v e  s t r e a m s .  
L i k e  t h e  preceding r e s u l t s ,  no s i g n i f i c a n t  d i f f e r e n c e s  were  found 
i n  c a l c u l a t e d  Shannon-Wiener H '  v a l u e s  between t h e  f i v e  s t reams  (Tab le  4-5).  
The h i g h e s t  mean d i v e r s i t y  v a l u e  occurred i n  t h e  S a l t  Fork R i v e r ,  w h i l e  
t h e  l o w e s t  mean H '  v a l u e  occurred i n  t h e  Apple River  (Tab le  4-5). These 
r e s u l t s  i n  c o n j u n c t i o n  wi th  t h e  p reced ing  i n d i c a t e  t h a t  a similar d i v e r s i t y  
of m a c r o i n v e r t e b r a t e  f a u n a  e x i s t s  i n  s t reams  w i t h  similar R* v a l u e s .  
A s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  abundance of i n d i v i d u a l s  w i t h i n  t h e  
samples w a s  found between t h e  f i v e  s t reams  (Tab le  4-6).  The r e s u l t s  
i n d i c a t e  t h a t  s i g n i f i c a n t l y  more i n d i v i d u a l s  occur red  i n  t h e  Apple River  
samples t h a n  occur red  i n  t h e  Big Creek samples (Table  4-7). The mean 
number of i n d i v i d u a l s  i n  Big Creek was 331.7 p e r  S u r b e r ,  w h i l e  t h e  Apple 
River  s i t e  had a  mean of 1,333.6 i n d i v i d u a l s  (Table  4-5). No o t h e r  
s i g n i f i c a n t  d i f f e r e n c e s  were found between t h e  s i t e s .  
To meet t h e  b a s i c  g o a l s  o f  t h i s  s t u d y ,  t h e  c a l c u l a t e d  R* v a l u e s  were 
examined w i t h  r e s p e c t  t o  t h e  v a r i o u s  community s t a t i s t i c s ,  d e p t h ,  and ve loc-  
i t y  t o  de te rmine  i f  g e n e r a l  t r e n d s  e x i s t e d  between them. T h i s  was done u s i n g  
r a n k  c o r r e l a t i o n  a n a l y s i s .  The r e s u l t s  of t h e s e  a n a l y s e s  a r e  r e p o r t e d  i n  
Table  4-8. 
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Table 4-6. Species d i v e r s i t y  ( H I )  s t a t i s t i c s  f o r  each o f  
t h e  f i v e  r i v e r s  sampled d u r i n g  t h e  p r o j e c t .  
H ' r- a IS, a .r Parameters 4: C L ~  
Mean 1.40 1.69 1.58 1.70 1.71 
Standard 0.54 0.47 0.67 0.42 0.33 
D e v i a t i o n  
Minimum 0.45 0.89 0.56 1.33 1.30 
Maxi mum 2.38 2.65 2.25 2.08 2 .I 3 
Table 4-7. Resu l t s  o f  oneway a n a l y s i s  o f  va r iance  on t h e  
va r i ous  community s t a t i s t i c s  (spec ies  r i chness ,  
t o t a l  number o f  i n d i v i d u a l s ,  H '  d i v e r s i t y )  and 
t h e  c a l  c u l  a ted  Reynolds numbers w i t h  r espec t  
t o  r i v e r  system and t h e  subsequent A -  o s t e r i o r i  
comparisons (N.S. = n o t  s i g n i f i c a n t  A- a t  p<0.05 
Anova 
Parameter by S i t e  Resul t s  Duncan's A - p o s t e r i o r i  Resu l t s  
Species Richness N.S. 
To ta l  Number o f  
I n d i v i d u a l s  
Shannon-Wiener 
D i v e r s i t y  ( H ' )  
N.S. 
Reynolds Number (R*) N.S. 
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A h i g h l y  s i g n i f i c a n t  r e l a t i o n s h i p  was found between R* and t h e  s p e c i e s  
r i c h n e s s  and t h e  t o t a l  abundance of m a c r o i n v e r t e b r a t e s .  No s i g n i f i c a n t  r e l a -  
t i o n s h i p  w a s  found between t h e  mean column v e l o c i t y  and d e p t h  when ana lyzed  
w i t h  r e s p e c t  t o  t h e  community s t a t i s t i c s .  While a r e l a t i v e l y  l i n e a r  r e l a -  
t i o n s h i p  between R* and s p e c i e s  r i c h n e s s  and abundance e x i s t s  i n  t h e s e  d a t a ,  
t h e r e  i s  l i k e l y  a  c r i t i c a l  f low o r  R* v a l u e  where t h i s  r e l a t i o n s h i p  no l o n g e r  
h o l d s .  Whether s t r e a m s  w i t h  such h igh  Rk v a l u e s  e x i s t  i n  I l l i n o i s  i s  
q u e s t i o n a b l e .  These d a t a  i n d i c a t e  t h a t  as R* i n c r e a s e s  one should a l s o  
observe  a n  i n c r e a s e  i n  s p e c i e s  r i c h n e s s  and i n  t o t a l  numbers of i n v e r t e b r a t e s .  
Such a r e l a t i o n s h i p  a p p e a r s  t o  b e  meaningful  f o r  t h e  f i v e  s t r e a m s  examined 
i n  I l l i n o i s ,  b u t  c a r e  should b e  t aken  i n  e x t r a p o l a t i n g  t h e s e  r e s u l t s  t o  o t h e r  
r e g i o n s  of t h e  U.S. T h i s  is  p a r t i c u l a r l y  t r u e  of t h e  moutainous wes t  where 
v e r y  h i g h  shear  s t r e s s  v a l u e s  cou ld  be  expected t o  reduce  t h e  abundance of 
m a c r o i n v e r t e b r a t e s .  For t h e  low g r a d i e n t  midwestern s t r e a m s  w i t h  lower 
v e l o c i t y ,  such a r e l a t i o n s h i p  a p p e a r s  t o  b e  of g e n e r a l  v a l u e  i n  a s s e s s i n g  
s t r e a m  c o n d i t i o n  and f o r  s i m u l a t i o n  e f f o r t s .  The u s e  of t h e  R* v a l u e  is  
p a r t i c u l a r l y  a p p l i c a b l e  f o r  a d a p t a t i o n  t o  t h e  e x i s t i n g  IFGIM program a s  a l l  
of t h e  i n f o r m a t i o n  necessa ry  f o r  i t s  d e t e r m i n a t i o n  i s  used throughout  t h e  
v a r i o u s  programs. The f i n a l  component necessa ry  f o r  i t s  u s e  i s  t h e  
b i o l o g i c a l  boundar ies  f o r  each s p e c i e s .  T h i s  would b e  similar t o  t h e  f i s h  
" p r e f e r e n c e  curves ' '  p r e s e n t l y  employed i n  PHABSIM w i t h  t h e  e x c e p t i o n  t h a t  
on ly  a n  upper  and lower bounds a r e  needed t o  de te rmine  i f  a t a x a  can  o r  
cannot  occur  w i t h i n  a g i v e n  s e t  of h y d r a u l i c  c o n d i t i o n s .  
4 . 6  RANGE OF R* FOR INVERTEBRATE TAXA 
To meet t h e  f i n a l  g o a l  of t h i s  s e c t i o n ,  t h e  range  o f  R* v a l u e s  i n h a b i t e d  
by t h e  most common t a x a  c o l l e c t e d  throughout  t h e  s t u d y  ( t h o s e  o c c u r r i n g  i n  
g r e a t e r  t h a n  10% of  t h e  samples) were determined.  These  r e s u l t s  a r e  r e p o r t e d  
Ch
eu
m
at
op
sy
ch
e 
sp
. 
Sy
mp
hi 
to
ps
yc
he
 s
p.
 
S. 
br
on
 ta
 
-
 S. 
c
he
ilo
ni
s 
-
 
O
ch
ro
tr
ic
hi
a 
(p
ro
b. 
xe
na
) 
O
rt
ho
tr
ic
hi
a 
(p
ro
b. 
c
ri
 st
at
a)
 
3 
Fi
gu
re
 4
-1
. 
Ra
ng
e 
o
f 
R*
 
v
a
lu
es
 i
 nh
ab
i te
d 
by
 t
he
 m
o
st
 a
bu
nd
an
t 
Tr
ic
ho
pt
er
a 
ta
xa
. 
R*
 
x
 1
0 
.
 
Fa
m
i 1
 y 
Ch
i ro
n
o
m
i d
ae
 
Cr
ic
ot
op
us
 t
re
m
ul
 us
 
SP
. 
gr
p.
 
D
ic
ro
te
nd
ip
es
 n
eo
m
od
es
 tu
s 
O
rth
oc
l a
di
us
 c
ri
co
to
pu
s 
sp
. 
I1
 
Po
ly
pe
di
 1 u
m
 
co
n
vi
ct
um
 
Th
ie
ne
m
an
ni
m
yia
 
SP
. 
9-
P.
 
R
he
oc
ric
ot
op
us
 s
p.
 
3 
Fi
gu
re
 4
-2
. 
Ra
ng
e 
o
f 
R*
 
in
ha
bi
te
d 
by
 t
he
 m
o
st
 a
bu
nd
an
t 
Ch
iro
no
m
id
ae
 t
ax
a.
 
R*
 x
 
10
 .
 
.
 
.
 
,
 
:,
 ' 
' 
-
 
,
 
.
 
-
-
*
 
,..
--
.-
,-
 
L
a
-
 
-
-
-
 
.
 
I--
L
, 
-
 
,
 
A
'
 
-
 
.
/--
- 
4
 
.
.
-
.
.
-
A
 
-
*
.
-
-
-
-
.
u
 
.
,
>
-
>
A
 
r
.r
,-
-
J
 

St
en
el
m
is
 s
p.
 
St
en
el
m
is
 h
um
er
os
a 
Ps
ep
he
nu
s 
he
rr
ic
 k
i 
Si
m
ul
 iu
m
 s
p.
 
Pa
l p
om
yi
a 
sp
. 
H
yd
ra
ca
ri n
a 
H
ir
ud
in
oi
de
a 
Ph
ys
a 
s,
p.
 
Fi
gu
re
 4
-4
. 
Ra
ng
e 
of
 
R*
 
v
a
lu
es
 i
nh
ab
ite
d 
by
 t
he
 m
o
st
 a
bu
nd
an
t 
Co
le
op
te
ra
 a
nd
 
D
ip
te
ra
 (e
xc
l u
s
iv
e 
o
f 
Ch
iro
no
m
id
ae
) 
ta
xa
. 
R*
 
v
a
lu
es
 x
 lo
3.
 
A1
 s
o
 
nu
m
er
ou
s 
m
is
ce
lla
ne
ou
s 
in
ve
rt
eb
ra
te
 t
ax
a 
a
re
 i
nc
lu
de
d 
in
 th
e 
ta
b1
 e.
 
i n  F igu re s  4-1 through 4-4. The R* ranges were determined f o r  a  t o t a l  of 
32 taxa  of which s i x  belonged t o  t h e  o r d e r  T r i chop te ra ,  seven t o  t h e  
fami ly  Chironomidae, e leven  t o  t h e  o rde r  Ephemeroptera, and t h r e e  t o  t h e  
o rde r  Coleoptera  (F igs .  4-1 t o  4-4). The remaining f i v e  t axa  were common 
misce l laneous  fauna (F ig .  4-4). 
I n  gene ra l ,  t h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  ma jo r i t y  of t h e  
Tr ichoptera  r e q u i r e  a minimum R* of 1000 and a r e  l i m i t e d  t o  va lues  of R'k 
l e s s  than 30,000 (Fig.  4-1). The except ion  was Cheumatopsyche s p .  which 
was found i n  R* r eg ions  of 380 t o  a  maximum of 61,000 (F ig .  4-1). Thus, 
t h e s e  d a t a  sugges t  t h a t  t h e  ma jo r i t y  of t he  Tr ichoptera  fauna examined a r e  
found i n  i n t e rmed ia t e  R* r eg ions .  The d i f f e r e n c e  between t h e s e  r e s u l t s  and 
l a b o r a t o r y  s t u d i e s  of t h e  same taxa ,  sugges t s  t h a t  s i n c e  t h e  range of R* 
va lues  i n  t h e  l abo ra to ry  were l im i t ed ;  t h e  Tr ichoptera  mic rohab i t a t  d i s t r i -  
b u t i o n  observed i n  t h e  l abo ra to ry  s t ream was only a  p a r t i a l  r e p r e s e n t a t i o n  
of n a t u r a l  cond i t i ons .  
The most g e n e r a l l y  d i s t r i b u t e d  taxa  were t h e  family Chironomidae (F ig .  4-2). 
Only one t axa ,  Thienemannimyia sp .  group showed a  r e l a t i o n s h i p  wi th  l i m i t e d  R* 
va lues .  These r e s u l t s  sugges t  t h a t  members of  t h e  genus Thienemannimyia a r e  
most commonly a s soc i a t ed  wi th  a r e a s  of low shea r  stress such a s  d e p o s i t i o n a l  
a r e a s .  
The ma jo r i t y  of t h e  mayf l ies ,  w i t h  t h e  except ion  of Caenis  sp .  were 
l i m i t e d  t o  R* va lues  l e s s  than  30,000. Caenis sp .  was found t o  have an 
unusual ly  wide R* t o l e r ance  while  Stenacron minnetonka had a  ve ry  narrow 
R* range.  
The u t i l i t y  of t h i s  methodology f o r  i nd iv idua l  t axa  w i l l  n o t  be  known 
u n t i l  a d d i t i o n a l  d a t a  is generated on t h e  R* requirements;  however, i t  does 
appear  t h a t  such an index holds  t h e  promise of providing a  b e t t e r  means of 
modeling b e n t h i c  community responses  t o  flow manipulat ions t han  does e i t h e r  
depth o r  mean column v e l o c i t y  a lone .  
5 .  CALIBRATION OF ARTIFICIAL SUBSTRATES 
5 . 1  PURPOSE 
The purpose  o f  t h i s  s t u d y  was d e t e r m i n a t i o n  of m i c r o h a b i t a t  c u r r e n t  
v e l o c i t i e s  t o  which a q u a t i c  i n s e c t s  a r e  exposed.  A c o n c r e t e  s u b s t r a t e  
which could  b e  c a l i b r a t e d  t o  p rov ide  known m i c r o h a b i t a t  c h a r a c t e r i s t i c s  
was developed.  The purpose of t h e  fo l lowing  s t u d i e s  was t h e  h y d r a u l i c  
c a l i b r a t i o n  of s u b s t r a t e s .  
5 .2  INTRODUCTION 
The c u r r e n t  v e l o c i t y  t o  which l o t i c  organisms a r e  exposed i s  a 
pr imary f a c t o r  a f f e c t i n g  t h e i r  d i s t r i b u t i o n .  While i t  has  been recognized  
t h a t  t h e  a c t u a l  c u r r e n t  exper ienced  by a n  a q u a t i c  i n s e c t  is much l e s s  t h a n  
t h a t  measured by c u r r e n t  mete r s  (Hynes, 1970) ,  t h e  i n a b i l i t y  t o  a c c u r a t e l y  
measure m i c r o h a b i t a t  v e l o c i t i e s  h a s  l o n g  handicapped b e n t h i c  s t ream 
e c o l o g i s t s .  Of t h e  many m i c r o h a b i t a t  c u r r e n t  measuring d e v i c e s  developed,  
we have found t h a t  hea ted  t h e r m i s t o r s ,  s imilar t o  t h a t  d e s c r i b e d  by 
Kalman (1966) and Alav ian  (1981) ,  p rov ide  an  a c c u r a t e  measure of micro- 
h a b i t a t  c u r r e n t  v e l o c i t i e s .  The use  of a  s imple  l i n e a r  r e l a t i o n s h i p  
between t h e  mean column v e l o c i t y  and a  m i c r o h a b i t a t  c u r r e n t  v e l o c i t y ,  
d e p t h ,  v i s c o s i t y ,  and s u b s t r a t e  type  may n o t  a c c u r a t e l y  d e s c r i b e  micro- 
h a b i t a t  because  of t h e  l a c k  of independence between v a r i a b l e s  a t  t h e  i n s e c t  
m i c r o h a b i t a t  l e v e l .  We developed a  method t o  e s t i m a t e  t h e  c u r r e n t  v e l o c i -  
t i e s  i n h a b i t e d  by a q u a t i c  i n s e c t s .  The t echn iques  r e q u i r e  t h e  c a l c u l a t i o n  
of a f i e l d  Reynolds number (R*) f o r  h y d r a u l i c a l l y  c a l i b r a t e d  s u b s t r a t e s  
which a r e  p laced  i n t o  a s t ream and p e r m i t t e d  t o  c o l o n i z e .  
A s t a n d a r d i z e d  s u b s t r a t e  w a s  employed f o r  t h e  obvious  r e a s o n  of con- 
t r o l l i n g  a t  l e a s t  one of t h e  v a r i a b l e s  upon which t h e  R* i s  based .  The 
f o l l o w i n g  d e s c r i b e s  t h e  s u b s t r a t e s  employed i n  t h i s  s t u d y ,  methods of 
h y d r a u l i c  c a l i b r a t i o n  us ing  b o t h  h igh  speed cinematography and t h e r m i s t o r  
p robes ,  t h e  r e s u l t s  of t h e  c a l i b r a t i o n s ,  and recommended f i e l d  u s e  and 
p rocedures .  
5 . 3  METHODS 
5 . 3 . 1  S u b s t r a t e s  
Concre te  s u b s t r a t e s  ( F i g .  5-1) were  chosen which g e n e r a l l y  
were s e l e c t i v e  f o r  Hydropsychid ne t - sp inn ing  c a d d i s f l y  l a r v a e  ( T r i c h o p t e r a )  
and s i m u l i d  black-f l y  l a r v a e  (Dip t e r a )  . P r e v i o u s  i n v e s t i g a t i o n s  ( H e r r i c k s  
and Unzicker ,  1977; Furn i sh  and H e r r i c k s ,  1980) i n d i c a t e d  t h a t  Hydropsychid 
c a d d i s f l i e s  c o l o n i z e  and u t i l i z e  t h e  s u b s t r a t e s ,  p r i m a r i l y  i n  t h e  n o t c h  
r e g i o n s  ( s e e  below).  The s u b s t r a t e s  (30 cm l o n g ;  1 5  cm wide;  6 . 4  cm h i g h )  
c o n s i s t e d  o f  f o u r  smooth f a c e s  (w, x ,  y ,  and z )  w i t h  a  s l o p e  of 30° ,  and 
t h r e e  n o t c h e s  ( I ,  11, 1 1 1 ) .  
5.3.2 C a l i b r a t i o n s  
The s u b s t r a t e s  were h y d r a u l i c a l l y  c a l i b r a t e d  i n  a l a b o r a t o r y  
flume (15 x  0 .5  x  0.75 m) where w a t e r  t empera tu re  ( f o r  v i s c o s i t y  d e t e r m i n a t i o n ) ,  
d e p t h ,  and mean column v e l o c i t y  cou ld  b e  c o n t r o l l e d .  The a c t u a l  c a l i b r a -  
t i o n  c o n s i s t e d  of two s t a g e s :  a )  an  assessment  of t h e  f low p a t t e r n s  and 
v o r t i c e s  a s s o c i a t e d  w i t h  t h e  s u b s t r a t e s ;  and,  b) t h e  c o l l e c t i o n  of micro- 
h a b i t a t  p o i n t  v e l o c i t i e s  a t  v a r i o u s  l o c a t i o n s  on t h e  s u b s t r a t e  and a t  
d i f f e r e n t  f low c o n d i t i o n .  
The i n i t i a l  s t e p  invo lved  i n  t h e  c a l i b r a t i o n  of t h e  s u b s t r a t e s  
c o n s i s t e d  of d e s c r i b i n g  t h e  f low c h a r a c t e r i s t i c s  o f  t h e  p a s s i n g  w a t e r  and 
v o r t e x  f o r m a t i o n .  T h i s  was done by p l a c i n g  t h e  s u b s t r a t e  (F ig .  5-1) i n t o  
t h e  f lume w i t h  Face w ( t h e  f r o n t )  o r i e n t e d  p e r p e n d i c u l a r  t o  t h e  f low of 
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t h e  w a t e r .  T h i s  i s  p i c t o r i a l - l y  d i s p l a y e d  i n  F ig .  5-2. During t h e  cinema- 
tography c a l i b r a t i o n s ,  t h e  wa te r  t empera tu re  was main ta ined  a t  17OC, t h e  
d e p t h  was 12.7  cm, and t h e  mean column v e l o c i t y  main ta ined  a t  0.15 m/sec.  
Two t y p e s  o f  t r a c e r s  were  employed t o  s t u d y  t h e  f low charac-  
t e r i s t i c s ,  a  l i q u i d  s o l u t i o n  of potass ium permanganate and a  water-sawdust- 
potass ium permanganate m i x t u r e .  The l i q u i d  dye s o l u t i o n  was p laced  i n t o  a  
r e s e r v o i r  mounted on a  c a r r i e r  w i t h  wheels  d i r e c t l y  above t h e  flume channel  
(F ig .  5-2). T h i s  s o l u t i o n  was r e l e a s e d  i n t o  t h e  flume channe l  a t  t h e  
d e s i r e d  l o c a t i o n s  through a p i t o t  t u b e  mounted o n  a  r a c k  and p i n i o n  system. 
The r a t e  of f low of t h e  dye was c o n t r o l l e d  us ing  a hose  clamp. Sawdust 
p a r t i c l e s  were employed t o  r e p l i c a t e  t h e  p a t h  t h a t  a  s e s t o n  food p a r t i c l e  
may t a k e  i n  t h e  v i c i n i t y  of t h e  s u b s t r a t e s .  These p a r t i c l e s  were  r e l e a s e d  
by hand approx imate ly  3  m upst ream of  t h e  s u b s t r a t e s .  I t  was found t h a t  
t h e  s e s t o n  t r a n s p o r t  p a t t e r n s  corresponded v e r y  c l o s e l y  w i t h  t h e  l i q u i d  
dye r e s u l t s .  
The f low p a t t e r n s  i n  t h e  v i c i n i t y  o f  t h e  s u b s t r a t e s  were 
recorded  on 8 mm f i l m  u s i n g  a  high-speed (64 cm/sec) movie camera ( F i g .  5-2). 
The d i s p e r s o n  of t h e  t r a c e r s  was f i lmed  from a  number of p o s i t i o n s  i n c l u d i n g  
t h e  s i d e ,  back,  top ,  and f r o n t .  The p a t h  of t h e  dye p a s t  and around t h e  
s u b s t r a t e s  was l a t e r  analyzed and a  t y p i c a l  f low p a t t e r n  diagram developed.  
These a r e  r e p r e s e n t e d  i n  F i g s .  5-2 and 5-3. 
From t h e  r e s u l t s  of t h e s e  i n v e s t i g a t i o n s ,  i t  was p o s s i b l e  t o  
e s t a b l i s h  d i s t i n c t  h y d r a u l i c  r e g i o n s  o n  t h e  a r t i f i c i a l  s u b s t r a t e s  f o r  
f u r t h e r  c a l i b r a t i o n  and a n a l y s i s .  These a r e  p r e s e n t e d  i n  F ig .  5-4 and a r e  
as f o l l o w s .  Each f a c e ,  and back of each f a c e  ( f r o n t  of n o t c h ) ,  were  
d i v i d e d  i n t o  9 c e l l s  ( r e g i o n s )  g i v i n g  a t o t a l  of 63 r e g i o n s  o n  each  s u b s t r a t e .  
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The l a t e r a l ,  o r  o u t s i d e  c e l l s  (e .g . ,  Region 11; Fig .  5-4) w e r e  4.0 cm 
wide and t h e  middle c e l l  r eg ions  ( e .g . ,  Region 12;  Fig.  5-4) were 
7.0 cm wide. 
The t r a c e r  s tudy a l s o  revea led  t h e  e x i s t e n c e  of d i s t i n c t  
v o r t e x  p a t t e r n s  w i th in  t h e  notches (F igs .  5-2 and 5-3) which could be 
important  t o  f i l t e r  feed ing  aqua t i c  i n s e c t s  no t  on ly  from the  s t andpo in t  
of v e l o c i t y  bu t  of maximizing f i l t e r - f e e d i n g  e f f i c i e n c y .  Examination of 
t h e s e  r e s u l t s  suggested t h a t  a t  the  bottom of the  notch and a t  the  o u t s i d e  
reg ions  ( i . e . ,  c e l l  Regions 3-1) food p a r t i c l e s  become entrapped wi th in  
t h e  vo r t ex  and s p i r a l  r a p i d l y  around (approximately 3-4 t imes)  be fo re  being 
discharged ou t  t h e  s i d e s .  I n  t h e  middle notch r eg ion  ( i . e . ,  c e l l  Region 3-2) 
t h e  p a r t i c l e s  ve ry  slowly migra te  t o  t h e  s i d e  r eg ions  ( i . e . ,  c e l l  Region 3-1) 
be fo re  e n t e r i n g  t h e  vo r t ex ;  o r  depending upon t h e  s i z e  of t h e  p a r t i c l e  they 
w i l l  s imply s e t t l e  ou t .  
The second s t e p  i n  t h e  c a l i b r a t i o n s  of t h e  s u b s t r a t e s  con- 
s i s t e d  of developing equa t ions  r e l a t i n g  t he  c u r r e n t  v e l o c i t i e s  w i t h i n  each 
of t h e  63 s u b s t r a t e  r eg ions  using the  microve loc i ty  t he rmis to r  probes t o  
va r ious  f low cond i t i ons  w i th in  t h e  flume channel.  This  was done a s  fo l lows .  
The s u b s t r a t e  was placed i n t o  t h e  flume channel  a s  prev ious ly  
descr ibed  wi th  t he  water  temperature  and depth  (17OC and 12.7 cm respec- 
t i v e l y )  held cons t an t  and t h e  t o t a l  water  d i scharge  through the  flume 
ad jus t ed  t o  o b t a i n  one of t h e  mean column v e l o c i t i e s  l i s t e d  i n  Table  5-1. 
It i s  important  t o  n o t e  t h a t  depth was c o n t r o l l e d  by a d j u s t i n g  t h e  down- 
s t ream t a i l g a t e  of t h e  flume, thus  maintaining a  cons t an t  water  s u r f a c e  
e l e v a t i o n .  The column v e l o c i t y  ( r e f e r r e d  t o  h e r e  a s  t h e  s u b s t r a t e  column 
v e l o c i t y )  was determined by p lac ing  t h e  support  b r a c k e t  on a  s tandard  
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s t a f f  r o d ,  which suppor ted  a  Marsh-McBirney s e n s o r  p robe ,  i n  t h e  r e g i o n  
W32 of t h e  s u b s t r a t e .  (Th is  p e r m i t t e d  a  c o n s t a n t  r e f e r e n c e  of column 
v e l o c i t y  i n  bo th  t h e  l a b o r a t o r y  and t h e  f i e l d , )  A f t e r  t h e  d i s c h a r g e  
was a d j u s t e d ,  two c u r r e n t  v e l o c i t y  measurements were t aken  w i t h i n  each 
of t h e  63 s u b s t r a t e  r e g i o n s  u s i n g  a  t h e r m i s t o r  probe mounted on  a  r a c k  
and p i n i o n  system. Each p o i n t  v e l o c i t y  measure r e p r e s e n t s  t h e  c u r r e n t  
v e l o c i t y  a t  a  d i s t a n c e  of 0 .9  mm above t h e  s u b s t r a t e  s u r f a c e  ( i . e . ,  t h e  
d iamete r  of t h e  s e n s o r  and i t s  b r a s s  s u p p o r t )  which i s  w i t h i n  t h e  range  
of where a n  i n s e c t  l a r v a e  would i n h a b i t .  
A Reynolds number was then  c a l c u l a t e d  f o r  each c a l i b r a t i o n  
r u n  ( s e e  Table  5-1) u s i n g  t h e  formula:  
where:  CV = s u b s t r a t e  column v e l o c i t y  immediately upstream of t h e  
s u b s t r a t e  (cmlsec) 
H = t o t a l  h e i g h t  o f  t h e  s u b s t r a t e  ( i . e . ,  6.4 cm) 
-2 2  KV = kinemat ic  v i s c o s i t y  (= 1.087 x 10 cm / s e c  @ 17°C) 
By d e f i n i t i o n  t h e  Reynolds number is  a  d imens ion less  r a t i o  
of i n e r t i a l  t o  v i s c o u s  f o r c e s .  The above formula  i s  s u b s t a n t i a l l y  d i f f e r e n t  
t h a n  t h a t  o f f e r e d  p r e v i o u s l y  f o r  t h e  c a l c u l a t i o n  o f  R* ( s e c t i o n  3.3) because  
a  s t a n d a r d i z e d  s u b s t r a t e  is  be ing  employed w i t h  d i s t i n c t  h y d r a u l i c  c h a r a c t e r -  
i s t i c s  a s  opposed t o  a  heterogenous s u b s t r a t e  m i x t u r e  and v a r i a b l e  h y d r a u l i c  
c h a r a c t e r i s t i c s  normal ly  encountered i n  a  n a t u r a l  s t r e a m  bed .  Using a  s t a n d a r d  
s u b s t r a t e  a l s o  p e r m i t s  t h e  u s e  of H a s  a  l e n g t h  dimension i n  t h e  a n a l y s i s  of 
t h e  s u b s t r a t e  ( i . e . ,  t h e  s u b s t r a t e  h e i g h t ) .  
Following d e t e r m i n a t i o n  of t h e  R v a l u e s ,  a n  e q u a t i o n  was 
e  
developed f o r  each o f  t h e  36 s u b s t r a t e  r e g i o n s  u s i n g  r e g r e s s i o n  a n a l y s i s  
w i t h  R as t h e  independent v a r i a b l e  and t h e  measured mean p o i n t  r e g i o n a l  
e 
v e l o c i t y  t h e  dependent v a r i a b l e .  A complete l i s t  of t h e  r e s u l t a n t  equa t i ons  
which were used f o r  t h e  remainder of  t h e  s tudy  are r epo r t ed  i n  Tab le  5-2. 
The r e p o r t e d  equa t i ons  correspond w i t h  t h e  c e l l  r eg ions  i n  F i g u r e  5-4. 
The mean c a l i b r a t e d  p o i n t  v e l o c i t y  d a t a  were a l s o  used t o  
de te rmine  i f :  1) t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  between Region I 
( l a t e r  c e l l s )  and Region I1 (middle c e l l s )  w i t h i n  each no tch  ( x ,  y ,  and z ) ;  
and,  2) i f  t h e r e  a r e  d i f f e r e n c e s  i n  t h e  Region I p o i n t  v e l o c i t i e s  between 
notches  x ,  y ,  and z .  Answers t o  t h e s e  two ques t i ons  are p a r t i c u l a r l y  
c r i t i c a l  as they  may exp l a in  d i f f e r e n c e s  i n  t h e  l o c a t i o n  of i n s e c t  l a r v a e  
on t h e  s u b s t r a t e s .  
An average  v e l o c i t y  f o r  each middle s u b s t r a t e  r e g i o n  ( e . g . ,  
W12; F ig .  5-4) and d i s cha rge  v a l v e  w a s  ob ta ined  by t ak ing  t h e  mean of t h e  
two p o i n t  v e l o c i t i e s .  Due t o  t h e  s i m i l a r i t i e s  i n  t h e  h y d r a u l i c  p a t t e r n s  
observed i n  t h e  tracer-cinematography s tudy  and t h e  similar agreement 
between t h e  l a b o r a t o r y  measured po in t  v e l o c i t i e s ,  a s i n g l e  mean va lue  w a s  
c a l c u l a t e d  f o r  t h e  two l a t e r a l  r eg ions  w i t h i n  a s i n g l e  p lane  ( e . g . ,  W 1 1  
and W 1 1 ;  F i g .  5-4). 
To t e s t  t h e  f i r s t  hypo the s i s ,  a  Mann-Whitney U-tes t  w a s  
employed. The r e s u l t s ,  w i t h  t h e  mean c e l l  p o i n t  v e l o c i t i e s  a r e  r epo r t ed  
i n  Tab le  5-3. These d a t a  i n d i c a t e  t h a t  a  s i g n i f i c a n t  d i f f e r e n c e  does  
e x i s t  i n  t h e  mic rove loc i t y  v a l u e s  w i t h i n  no tches  x  and y .  The examinat ion 
of t h e  mean p o i n t  v e l o c i t y  va lue s  f u r t h e r  i n d i c a t e  t h a t  t h e  Region I v a l u e s  
i n  no tch  x  and no tch  y  were s i g n i f i c a n t l y  g r e a t e r  than Region I1 which 
corresponds t o  v i s u a l  obse rva t i ons  made du r ing  t h e  cinematography dye 
s t u d i e s .  There  were no s i g n i f i c a n t  d i f f e r e n c e s  found between Regions I 
and I1 i n  no tch  z ,  a l though  t h e  same t r end  of Region I be ing  g r e a t e r  t han  
Region I1 w a s  appa ren t .  
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Tab1 e 5-3. S t a t i s t i c a l  a n a l y s i s  o f  s u b s t r a t e  c a l  i b r a t i o n  data f o r  i n t r a s i  t e  
r eg iona l  notch d i f f e r e n c e s  i n  mean c a l i b r a t i o n  p o i n t  v e l o c i t y  
da ta .  (Tes ts  between Region I and I 1  w i t h i n  notches X ,  Y, Z) 
us ing  Mann Whitney U Tes t  (a = 0.05). 
Subs t ra te  
Region ' 10.7 15.2 21.3 25.9 27.7 33.5 
- 
X Y I  0.327 0.594 0.885 1.868 2.632 5.061 
- 
X Y I I  0.007 0.094 0.347 0.533 - 1.009 
- 
X Z I  0.458 0.604 2.063 2.423 5.445 6.300 
- 
X Z I I  0.007 0.164 0.185 1.210 - 2.752 
U = 6  P = 0.063 N.S. 
Due t o  t h e  n a t u r e  of t h e  p rev ious  r e s u l t s ,  w e  a r e  unab le  t o  
group a l l  o f  t h e  i n d i v i d u a l  notch d a t a  t o g e t h e r  and t e s t  f o r  d i f f e r e n c e s  
between no tches .  A Kruskal-Wallis  one-way Anova test w a s  employed i n  t h e s e  
two ca se s  and t h e  r e s u l t s  r epo r t ed  i n  Tab le  5-4. The Nul l  hypo the s i s  (Ho:) 
be ing  examined i n  t h i s  a n a l y s i s  w a s  once again:  
Ho: There a r e  no d i f f e r e n c e s  i n  t h e  Region I and Region I1 
v e l o c i t i e s  between no tches  x ,  y ,  and z. 
The r e s u l t s  of t h e s e  ana ly se s  i n d i c a t e  t h a t  t h e r e  a r e  no 
- 
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  Region I and Region I1 m i c r o h a b i t a t  
v e l o c i t i e s  between notches  a t  any g iven  R* v a l u e .  Thus, any d i f f e r e n c e s  
i n  s p e c i e s  abundance and composit ion between no tch  r e g i o n  is  n o t  l i k e l y  
t o  be a t t r i b u t a b l e  t o  t h e  speed of t h e  c u r r e n t .  Conversely ,  t h e r e  may 
be  s i g n i f i c a n t  e f f e c t s  of c u r r e n t  on t h e  d i s t r i b u t i o n  of organisms w i t h i n  
a notch.  
Using a s tandard ized  s u b s t r a t e  p rov ide s  a means f o r  s tudy ing  
t h e  m i c r o h a b i t a t  s e l e c t i o n  of a q u a t i c  i n s e c t  l a r v a e  and u s ing  t hose  r e s u l t s  
t o  i d e n t i f y  a  component of t h e  i n s t r eam f low needs.  The u s e  of s t anda rd i zed  
s u b s t r a t e s  w a s  adopted and a f i e l d  methodology developed (de sc r i bed  below) 
f o r  subsequent  exper imenta l  s t u d i e s  . 
5.4 APPLICATION TO THE FIELD 
It i s  p o s s i b l e  us ing  t h e  s t anda rd i zed  s u b s t r a t e  t o  e v a l u a t e  micro- 
h a b i t a t  c o n d i t i o n s  s e l e c t e d  by s e v e r a l  t a x a  of  net-spinning T r i chop t e r a  
(which w i l l  b e  p resen ted  i n  a  l a t e r  s e c t i o n ) .  The pr imary l i m i t a t i o n  of 
t h e  t echn ique  i s  t h a t  i t  cannot  be  used when e x t e n s i v e  a l g a l  growth deve lopes  
on t h e  s u b s t r a t e s  as t h i s  s u b s t a n t i a l l y  a l t e r s  t h e  h y d r a u l i c s  ( p a r t i c u l a r l y  
t h e  s i z e  of t h e  boundary l a y e r ) .  I n  I l l i n o i s ,  we have found t h a t  such a l g a l  
growths occur  w i t h i n  2 months of  s u b s t r a t e  i n t r o d u c t i o n  dur ing  t h e  summer 
per iod  . 
5 . 4 . 1  F i e l d  Method 
By p l a c i n g  t h e  c a l i b r a t e d  s u b s t r a t e s  i n t o  t h e  s t r e a m  w i t h  
f a c e s  p e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  of f low and r e c o r d i n g  t h e  l o c a t i o n  
of i n s e c t  l a r v a e  on t h e  s u b s t r a t e s ,  we have been a b l e  t o  c a l c u l a t e  t h e  
m i c r o h a b i t a t  v e l o c i t i e s  t o  which t h e  l a r v a e  a r e  exposed. Th is  s imply 
r e q u i r e s  o b t a i n i n g  measurements of t h e  w a t e r  t empera tu re  f o r  k inemat ic  
v i s c o s i t y  d e t e r m i n a t i o n ,  and t h e  column v e l o c i t y  i n  f r o n t  o f  t h e  sub- 
s t r a t e  ( a s  d e s c r i b e d  i n  l a b o r a t o r y  c a l i b r a t i o n  s e c t i o n )  . I t  is  impor tan t  
t h a t  t h e  s u b s t r a t e  column v e l o c i t y  b e  de te rmined  i n  t h e  manner p r e v i o u s l y  
d e s c r i b e d  o r  i n v a l i d  c a l c u l a t i o n s  w i l l  be  o b t a i n e d  . With t h e s e  v a r i a b l e s  
a  R v a l u e  is  c a l c u l a t e d  which is t h e n  r e l a t e d  t o  t h e  m i c r o h a b i t a t  
e 
v e l o c i t i e s  w i t h i n  each s u b s t r a t e  r e g i o n  u s i n g  t h e  p r e v i o u s l y  d e s c r i b e d  
s u b s t r a t e  r e g i o n s  (Table  5-2).  T h i s  t echn ique  i s  a l s o  l i m i t e d  w i t h i n  t h e  
c u r r e n t  v e l o c i t i e s  used d u r i n g  t h e  c a l i b r a t i o n ;  t h u s ,  t h e  minimum v e l o c i t y  
i n  f r o n t  of t h e  s u b s t r a t e  should  b e  i n  t h e  v i c i n i t y  of 0.25-0.30 f t / s e c  
(7.6-9.1 cm/sec).  The r e s u l t s  of s u b s t r a t e  exper iments  a r e  p r e s e n t e d  i n  
S e c t i o n  6 .  
Table 5-4. Kruskal -\a1 1 i s  ana lys i s  f o r  d i f f e rences  between XI, Y I ,  
and Z I ,  and XI I ,  YI I ,  and Z I I  using t h e  mean point  ve loc i ty  
cal i b ra t ion  data  on t h e  a r t i f i c i a l  concre te  s u b s t r a t e s .  
Notch Point Vel oci t,v (Eank) 
Col umn Vel oci t y  (cm/sec) XI Y I  Z I  
10.7 1 2 3 
15.2 7 4 5 
27.7 14 11 17 
33.5 15 16 18 
- - - 
R t o t a l  = 62 47 6 2 
H = 0.0035 (1649.50) - 57 = 0.73 N.S. 
14 12 15 
- - - 
R t o t a l  45 34.5 40.5 
H = 0.05 (971) - 48 = 0.55 N.S. 
6. SUBSTRATE COLONIZATION AND THE EFFECTS OF PERIPHYTON AND SEDIMENT 
6 . 1  PURPOSE 
Numerous environmental  f a c t o r s  a f f e c t  t h e  c o l o n i z a t i o n  r a t e s  of b e n t h i c  
communities. The purpose  of t h i s  s t u d y  was t o  e v a l u a t e  t h e  s t a n d a r d i z e d  
s u b s t r a t e  examining: 1 )  t h e  r a t e  of c o l o n i z a t i o n  o f  t h e ' h y d r a u l i c a l l y  
d e f i n e d  a r t i f i c i a l  s u b s t r a t e s ;  2) t h e  e f f e c t s  of p e r i p h y t o n  development 
on t h e  c o l o n i z a t i o n  r a t e s ,  3) t h e  e f f e c t s  of s e d i m e n t a t i o n  on t h e  d i s t r i -  
b u t i o n  of a q u a t i c  i n s e c t s  on t h e  s t a n d a r d i z e d  s u b s t r a t e s ;  and 4) examine 
d i f f e r e n c e s  i n  t h e  r a t e  of c o l o n i z a t i o n  of ne t - sp inn ing  c a d d i s f l i e s  which 
may account  f o r  t h e i r  d i s t r i b u t i o n  on t h e  s t a n d a r d i z e d  s u b s t r a t e s .  
6 . 2  INTRODUCTION 
In t roduced  n a t u r a l  and a r t i f i c i a l  s u b s t r a t e s  have been used t o  s t u d y  
i n v e r t e b r a t e  d r i f t  (Townsend and Hi ldrew,  1 9 7 6 ) ,  c o l o n i z a t i o n  (Sheldon, 
1977; Osborne,  1 9 8 3 ) ,  d i s t r i b u t i o n  (Coleman and Hynes, 1970; Rabeni and 
M i n s h a l l ,  1977) ,  s u b s t r a t e  p r e f e r e n c e  (Cummins and L a u f f ,  1969; F r i b e r g  
e t  a l .  , 1977) , i n s e c t  behav ior  (Hildrew and Townsend, 1977) , and recovery  
( ~ s b o r n e ,  1983) .  Evidence h a s  been p r e s e n t e d  t h a t  c o l o n i z a t i o n  of s o l i d  
s u r f a c e s  by a q u a t i c  microorganisms i s  r e l a t e d  t o  t h e  p h y s i c a l  c h a r a c t e r -  
i s t i c s  of t h e  a t t achment  s u r f a c e  and t o  n u t r i e n t  c o n d i t i o n s  i n  t h e  surround-  
ing  medium (ZoBel l ,  1943; Jannasch and P r i t c h a r d ,  1972; Hargrave and P h i l l i p s ,  
1977) .  Fur thermore,  c o l o n i z a t i o n  of submerged s u r f a c e s  by e p i l i t h i c  organ- 
i s m s  h a s  been r e p o r t e d  t o  occur  i n  a d e f i n e d  sequence (Marsha l l  e t  a l . ,  
1971; F loodga te ,  1972: Hargrave and P h i l l i p s ,  1977) :  1 )  t h e  i n i t i a l  r e v e r -  
s i b l e  b a c t e r i a l  a t t achment  phase ,  thought  t o  l a s t  o n l y  a few h o u r s ;  2) t h e  
second i r r e v e r s i b l e  s t a g e  dominated by b a c t e r i a l  s e c r e t i o n  of p o l y s a c c h a r i d e  
cementing compounds s e rv ing  as a s u r f a c e  anchor;  and 3) t h e  f i n a l  phase ,  
c h a r a c t e r i z e d  by c e l l  growth and subsequent  c o l o n i z a t i o n  by a l g a e ,  f u n g i ,  
and metazoans.  
A s tudy  by Will iams and Hynes (1976) demonstrated f o u r  sou rce s  of 
animals  c o n t r i b u t e d  t o  t h e  r e c o l o n i z a t i o n  and denuded s u b s t r a t e s :  d r i f t ;  
movement through t h e  sediments ,  a e r i a l  sources  , and upstream mig ra t i on .  
Osborne (1981, 1982) pos tu l a t ed  t h a t  f o r  more nonmobile organisms (e .g . ,  
a l gae )  d r i f t  was l i k e l y  t h e  primary sou rce  of c o l o n i z e r s .  
Among o t h e r s ,  Meier e t  a l .  (1979) have impl ica ted  t h e  a t t achment  of 
e p i l i t h i c  organisms and t h e  d e p o s i t i o n  of d e t r i t u s  a s  f a c t o r s  de te rmin ing  
t h e  r a t e  of c o l o n i z a t i o n  and t h e  composi t ion of mac ro inve r t eb r a t e  commun- 
i t i e s .  Fur thermore,  Weber (1973) and o t h e r s  have noted t h a t  t h e  t ime  of 
exposure  was a c r i t i c a l  f a c t o r  i n  t h e  development of a wate r  q u a l i t y  and 
sediment l oads  have a l s o  been shown t o  b e  impor tan t  i n  t he  development of 
a q u a t i c  communities (Meyer , 197 9) . 
6 . 3  STLDY AREA 
Th i s  s t udy  was conducted i n  Jordan  Creek, a 2nd o rde r  s t ream wi th  
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a d r a i n a g e  a r e a  of approximately  28 km i n  t h e  sou the rn  p o r t i o n  of 
Vermilion County, I l l i n o i s .  Jo rdan  Creek i s  p a r t  of t h e  Vermil ion 
River  d r a i n a g e  b a s i n  and empties  i n t o  t h e  S a l t  Fork and Middle Fork 
R ive r s .  
Jo rdan  Creek i s  roughly  17.6 km i n  l e n g t h  and f lows  through c o n t r a s t -  
i n t  r i p a r i a n  h a b i t a t s  of equa l  l e n g t h s :  a n  upper ,  open farm and p a s t u r e  
a r e a ;  and, a lower wooded a r e a  (Larimore and G a r r e l s ,  1982) . Frequent  
poo ls  and r i f f l e s  c h a r a c t e r i z e  t h e  s t ream wi th  t h e  i n t e r m e d i a t e  s e c t i o n  
(where t h i s  s t udy  was conducted) having a s l o p e  of 4 .3  m / k m .  Larimore 
and G a r r e l s  (1982) r epo r t ed  a n  average  annua l  d i s c h a r g e  of 18  c f s  w i th  
c u r r e n t  v e l o c i t i e s  d u r i n g  normal c o n d i t i o n s  r a n g i n g  from zero  t o  1-1.5 
m/sec.  The predominant bottom m a t e r i a l  c o n s i s t e d  of sand,  r u b b l e ,  and 
some rocks .  
The l o c a t i o n  of t h e  50 m s t u d y  reach  was 100 m upstream 
of  t h e  beginning of t h e  lower wooded s e c t i o n  approximately  8 . 8  km 
downstream of t h e  headwaters .  T h i s  a r e  was c h a r a c t e r i z e d  by u n t i l l e d  
farm and p a s t u r e  l a n d  wi th  l i t t l e  o r  no s h r u b s  and t r e e s .  
6.4 PROCEDURES 
6 .4 .1  C o l o n i z a t i o n  Procedures  
Th i r ty -n ine  6" (15.2  cm) wide s u b s t r a t e s  ( F i g .  5-1) and 
twelve 12" (30.4 cm) wide a r t i f i c i a l  c o n c r e t e  s u b s t r a t e s  were  p laced  i n t o  
a s t ream r i f f l e  on May 1 7 ,  1982. Four weeks p r i o r  t o  t h i s ,  l a r g e  rocks  
and b o u l d e r s  were removed and t h e  r i f f l e  was smoothed by r a k i n g  t o  o b t a i n  
r e l a t i v e l y  homogeneous h y d r a u l i c  c o n d i t i o n s  w i t h i n  t h e  r e a c h .  E igh teen  
of t h e  t h i r t y - n i n e  15  cm s u b s t r a t e s  had been p r e v i o u s l y  h e l d  i n  a n  a r t i -  
f i c i a l  l a b o r a t o r y  s t ream channel  and a l lowed t o  c o l o n i z e  w i t h  p e r i p h y t i c  
a l g a e  f o r  a  pe r iod  of t h r e e  weeks p r i o r  t o  t h e  beginning of t h i s  s t u d y .  
The a l g a e  used f o r  p r e - c o l o n i z a t i o n  was o r i g i n a l l y  c o l l e c t e d  from J o r d a n  
Creek i n  t h e  f a l l  of 1981 and allowed and reproduce  on n a t u r a l  s u b s t r a t e s  
i n  t h e  a r t i f i c i a l  s t r eam channel  i n  t h e  absence of i n v e r t e b r a t e s .  The 
f a c t  t h a t  t h e  composi t ion of t h e  l a b o r a t o r y  p e r i p h y t o n  assemblage was n o t  
i d e n t i c a l  t o  t h e  s p r i n g  J o r d a n  Creek per iphy ton  assemblage i s  n o t  c r i t i c a l  
as t h e  purpose  of t h i s  exper iment  was t o  de te rmine  t h e  e f f e c t s  o f  e l i m i -  
n a t i n g  t h e  f i r s t  two s t e p s  and s h o r t e n i n g  t h e  t h i r d  s t e p  i n  t h e  develop- 
menta l  sequence of t h e  pe r iphy ton  community ( d i s c u s s e d  i n  s e c t i o n  6.1) on 
t h e  r a t e  of a q u a t i c  i n s e c t  c o l o n i z a t i o n .  
A l l  39 15-cm s u b s t r a t e s  ( i . e . ,  21 uncolonized by per iphy ton  
and 1 8  pe r i phy ton  co lon ized)  were randomly d i s t r i b u t e d  throughout  t h e  
r i f f l e  a r e a  reach  a long  w i th  t h e  12  12-inch wide s u b s t r a t e s .  A l l  of  t h e  
s u b s t r a t e s  were pos i t i oned  w i th  t h e  no tches  up and pe rpend i cu l a r  t o  t h e  
d i r e c t i o n  of f low.  The hyd rau l i c  c o n d i t i o n s  w i t h i n  t h e  v i c i n i t y  of each 
s u b s t r a t e  a r e  r epo r t ed  i n  Tab le  6-1 and 6-2. It i s  appa ren t  t h a t  v e r y  
l i t t l e  d i f f e r e n c e  e x i s t e d  i n  t h e  h y d r a u l i c  c o n d i t i o n s  between t h e  pe r i -  
phyton co lon ized  w i t h  uncolonized t r e a tmen t s ;  wh i l e  v a r i a t i o n s  d i d  e x i s t  
w i t h i n  each t r e a tmen t  a s  would be expected (Tables  6-1 and 6-2). 
To de te rmine  r a t e s  of mac ro inve r t eb r a t e  c o l o n i z a t i o n ,  
r e p l i c a t e  (2 o r  3) s u b s t r a t e s  from each t r e a tmen t  were randomly removed 
on days  3 ,  5 ,  7 ,  11, 1 4 ,  18 ,  22, and 28. The s u b s t r a t e s  were removed by 
p l ac ing  a n  a d j u s t a b l e  p l e x i g l a s s  (17 cm x 5 cm x 1 cm) r e c t a n g l e  l i n e d  
on t h e  i n s i d e  w i th  rubber  weather  s t r i p p i n g  around t h e  s u b s t r a t e  wh i l e  
s t i l l  i n  t h e  wa t e r .  The p l e x i g l a s s  r e c t a n g l e  w a s  equipped w i th  t h r e e  
1-cm d iamete r  d r a i n  h o l e s  and co rks  i n  such a p o s i t i o n  t o  d r a i n  and r i n s e  
t h e  sediment and o t h e r  m a t e r i a l s  from each of t h e  t h r e e  no tches  ( s ee  
Sediment C o l l e c t i o n  and Analys i s  s e c t i o n ) .  Following a t t achment  of t h e  
r e c t a n g u l a r  s u b s t r a t e  samples,  t h e  s u b s t r a t e s  were removed from t h e  wa t e r .  
Macro inver tebra tes  were e i t h e r  picked immediately from t h e  s u b s t r a t e s  o r  
from sediments  c o l l e c t e d  from each o t h e r .  A l l  organisms were p rese rved  
i n  70% e t h y l a l c o h o l .  
The mac ro inve r t eb r a t e  assemblage w a s  removed i n  t h e  fol lowing 
manner: 1 )  p ick ing  d i r e c t l y  from t h e  s u b s t r a t e s ;  2) s c r ap ing  and brush ing  
a l l  f a c e s  ( a l s o  used f o r  sampling ch lo rophy l l  and c o n c e n t r a t i o n s ) ;  and 
3) r i n s i n g  w i th  d i s t i l l e d  wate r  through t h e  3 d r a i n  h o l e s .  
T a b l e  6-1. P e r i  pky ton  c o l o n i z e d  s u b s t r a t e s ,  and t h e  mean c u r r e n t  
v e l o c i  t i e s  (cm/sec) , dep th  (cm) , R e  va lues w i t h i n  t h e  s t u d y  
reach  and t h e  number o f  days t h e  s u b s t r a t e s  were exposed. 
Mea r~ Mean 
S u b s t r a t e  Vel  o c i  ty Depth ~ , ( x 1  06) No. Days 
A- 1 
A- 5 
A-9 
B-1 
B-2 
B-5 
C- 2  
C- 5 
C-7 
c- 8 
C-9 
XC-  1  
XC-3 
XC-4 
XC-5 
XC-6 
XC-7 
XC-8 
Tab1 e  6-2.  P e r i  phyton uncol  o n i  zed s u b s t r a t e s  and t h e  mean c u r r e n t  
v e l o c i t i e s  (crn/sec), depth  (cm) , and R e  va lues  w i t h i n  t h e  
s t u d y  reach and t h e  number o f  days s u b s t r a t e  was exposed 
Mean Mean 
S u b s t r a t e  Vel o c i  ty Depth R (x106) No. Days 
e  
6.4.2 Sediment Co l l ec t i on  and Analys i s  
Sediment was c o l l e c t e d  i n t o  g l a s s  b o t t l e s  immediately upon 
c o l l e c t i o n  by r i n s i n g  the  notches wi th  d i s t i l l e d  water  through t h e  small  
d r a i n  ho l e s .  The sediment from each notch  was placed i n t o  i n d i v i d u a l  
g l a s s  wide mouth v i a l s  and r e tu rned  t o  t h e  l a b o r a t o r y  f o r  macroinverte- 
b r a t e  picking and s u b s t r a t e  sediment weight de te rmina t ion .  The sediment 
and water  from each notch were placed i n t o  pre-weighed c r u c i b l e s  and d r i e d  
a t  120°C f o r  24 hours  p r i o r  t o  weight de te rmina t ion .  
I n  a d d i t i o n  t o  t he  above, q u a l i t a t i v e  assessment of sedimen- 
t a t i o n  c o n s i s t i n g  of none, l i t t l e ,  moderate, and i n t e n s e  was made on  each 
s u b s t r a t e  dur ing  each sampling per iod .  These r e s u l t s  were r e l a t e d  t o  t h e  
number of Hydropsychid r e t r e a t s  observed on t h e  s u b s t r a t e s  using t h e  
Kolgomorov-Smirnov t e s t .  Hydropsychid r e t r e a t s  were a l s o  observed on each 
sampling d a t a  and s u b s t r a t e  f o r  t h i s  a n a l y s i s .  
6.4.3 - Chlorophyl l  a Determination 
I n  a d d i t i o n  t o  t h e  macro inver tebra te  and sediment t he  chloro-  
p h y l l  - a concen t r a t i ons  of t he  per iphyton on  each s u b s t r a t e  f a c e  ( i . e . ,  w,  
xy, y ,  and z)  were determined. (Note: Chlorophyl l  - a concen t r a t i ons  d i d  
n o t  begin u n t i l  day 11 due t o  equipment problems.) 
Samples f o r  ch lorophyl l  - a de te rmina t ion  were c o l l e c t e d  by 
scrap ing  114 of each s u b s t r a t e  f a c e  wi th  a razor  b l ade  and by brush ing  
wi th  a smal l  hand brush. This  m a t e r i a l  was r i n s e d  i n t o  wide mouth v i a l s  
wi th  d i s t i l l e d  water  and t h e  sample capped, placed i n  a n  i c e  ches t  and 
re turned  t o  t h e  l abo ra to ry .  Immediately upon r e t u r n  from t h e  f i e l d  
( ~ 4  h r s )  t h e  scraped m a t e r i a l  and water  from each f a c e  was f i l t e r e d  
through a 0.45 pm acetone s o l u b l e  M i l l i p o r e  f i l t e r  and placed i n t o  a 
c e n t r i f u g e  tube with a smal l  amount of MgCO t o  c o n t r o l  a c i d i t y .  The tubes  3 
were then  f rozen  (-20°C) f o r  a minimum of 3 days b u t  n o t  more than 2 weeks. 
Af te r  f r eez ing ,  t he  samples were removed and acetone added 
t o  d i s so lve  the  f i l t e r s  and e x t r a c t  t h e  ch lorophyl l .  Samples were placed 
i n t o  a  c e n t r i f u g e  a t  5500 rpm f o r  20 minutes and t h e  superna tan t  analyzed 
with a  spectrophotometer a g a i n s t  an acetone blank. A mean chlorophyl l  - a 
concent ra t ion  va lue  was then ca l cu la t ed  f o r  each s u b s t r a t e .  
6.4.4 Community Parameters and S t a t i s t i c s  
I n  t h e  fol lowing ana lyses  a  Shannon-Wiener spec i e s  d i v e r s i t y  
index was employed t o  determine t h e  d i v e r s i t y  on  each of t h e  s u b s t r a t e s .  
The formula f o r  t he  c a l c u l a t i o n  of t h i s  index i s :  
H 
H' = -1 Pi In p i i=l 
where p i s  the  propor t ion  of the  i t h  t axa  i n  the  t o t a l  community assemblage. i 
A community s i m i l a r i t y  c o e f f i c i e n t  was a l s o  ca l cu la t ed  f o r  each 
s e r i e s  of samples co l l ec t ed  on each d a t e  t o  compare the  development of t he  
macroinvertebrates  on t h e  two s u b s t r a t e  t reatments .  Community s i m i l a r i t y  
c o e f f i c i e n t s  a r e  mathematical expressions of t h e  degree of s i m i l a r i t y  of 
two o r  more communities i n  s p e c i e s  composition o r  o t h e r  s t r u c t u r a l  charac- 
t e r i s t i c s .  These c o e f f i c i e n t s  may be ca l cu la t ed  from d a t a  on simply the  
presence o r  absence of va r ious  spec i e s ,  o r  from d e t a i l e d  s t r u c t u r a l  d a t a  
such a s  d e n s i t y  ( a s  is t h e  case  h e r e ) ,  dominance, o r  frequency e s t ima te s  
f o r  t h e  va r ious  spec i e s .  
The most widely used c o e f f i c i e n t  of t h i s  type is  t h e  c o e f f i c i e n t  
of community, the  va lues  of which v a r i e s  from 0 f o r  communities having no 
spec i e s  i n  common, t o  1 . 0  f o r  communities i d e n t i c a l  both i n  spec i e s  compo- 
s i t i o n  and i n  q u a n t i t a t i v e  va lues  f o r  t h e  spec i e s .  Using q u a n t i t a t i v e  d a t a  
such a s  importance va lues  f o r  t h e  var ious  s p e c i e s ,  p a i r s  of communities may 
be  compared by c a l c u l a t i n g  a  c o e f f i c i e n t  of community (C) according t o  the  
formula: 
where: w = t h e  sum of t h e  lower of t h e  two q u a l i t a t i v e  v a l u e s  f o r  s p e c i e s  
shared  by t h e  two communities 
a = t h e  sum of a l l  of  t h e  v a l u e s  of t h e  f i r s t  community 
b  = t h e  sum of a l l  v a l u e s  f o r  t h e  second community 
For t h i s  a n a l y s i s  a l l  of  t h e  r e p l i c a t e  composi t ion and abun- 
dance  d a t a  f o r  each t r e a t m e n t  and d a t e  were combined and ana lyzed  accord ing  
t o  t h e i r  t o t a l  d e n s i t i e s  t o  o b t a i n  a  c o e f f i c i e n t  of community. 
6 .5  RESULTS AND DISCUSSION 
6 . 5 . 1  C o l o n i z a t i o n  R e s u l t s  
The mean number of t a x a  and t h e  mean number of i n d i v i d u a l s  
c o l l e c t e d  on t h e  s u b s t r a t e s  f o r  t h e  per iphy ton  co lon ized  and p e r i p h y t o n  
uncolonized s u b s t r a t e s  wi th  r e s p e c t  t o  days  i n  t h e  s t ream a r e  r e p o r t e d  i n  
Tab le  6-3. I n  a d d i t i o n  t o  t h e  above,  t h e  t a b l e  i n c l u d e s  t h e  r e s u l t s  of 
t h e  Shannon-Wiener d i v e r s i t y  ( H ' )  c a l c u l a t i o n s ,  w h i l e  Table  6-6 c o n t a i n s  
t h e  r e s u l t s  of t h e  c o e f f i c i e n t  of community s i m i l a r i t y  c a l c u l a t i o n s  (C). 
Wi th in  t h r e e  days o f  exposure ,  approximately  1 2  t a x a  occur red  
on t h e  p e r i p h y t o n  co lon ized  s u b s t r a t e s  w h i l e  o n l y  an a v e r a g e  of s i x  t a x a  
occur red  on t h e  u n t r e a t e d  s u b s t r a t e s .  S i m i l a r l y ,  t h e  p e r i p h y t o n  exposed 
s u b s t r a t e s  had s u b s t a n t i a l l y  h i g h e r  numbers of organisms t h a n  d i d  t h e  
unexposed s u b s t r a t e s  (Table  6-3).  Examination of t h e  C v a l u e s  f u r t h e r  
i n d i c a t e s  t h a t  t h e  t a x a  assemblages i n h a b i t i n g  t h e  p e r i p h y t o n  co lon ized  
and uncolonized s u b s t r a t e s  were more d i s s i m i l a r  than s i m i l a r  a s  i n d i c a t e d  
by C = 0.30 (Table  6-4) . 
These d a t a  s u g g e s t  t h a t  t h e  a v a i l a b i l i t y  of p e r i p h y t o n ,  o r  
t h e  p r e t r e a t m e n t  of t h e  s u b s t r a t e s  through c o l o n i z a t i o n ,  s i g n i f i c a n t l y  
a f f e c t s  t h e  r a t e  a t  which m a c r o i n v e r t e b r a t e s  c o l o n i z e  a v a i l a b l e  h a b i t a t .  
Tab le  6-3. Elearl and s t a n d a r d  d e v i a t i o n s  o f  t h e  t o t a l  number o f  t a x a  and 
i n d i v i d u a l s  on t h e  s u b s t r a t e s  and t h e  range o f  H '  va lues  f o r  
t h e  p e r i p h y t o n  c o l o n i z e d  and u n c o l o n i z e d  a r t i f i c i a l  s u b s t r a t e s .  
P e r i  phy ton  Co lon ized  
Day X Taxa X I n d s .  Range H '  N 
3 11.7(2.5)  140.0(89.8)  1.65-1.96 3 
5 7.0(4.2)  ~ i o . o ( i a i  . 4 )  0.63-1.31 2 
7 12.0(7.1)  90.5(98.3)  1.77-1.88 2 
11 9 .0(5 .6)  48.0(42.0)  0.96-1.30 3 
14 13.5(5 .0)  91.0(29.7)  1.91-2.32 2 
18 17.0(1.4) 66.0(2 .8)  1.82-2.54 2 
22 12.5(2 .1)  39.0(5.7)  2.11-2.45 2 
P e r i  phy ton  Uncol on i zed  
Day X Taxa X I n d s .  Range H ' N 
3 6 .0(3 .1)  16.0(9 .4)  0.64-1.92 4 
T a b l e  6-4. C o e f f i c i e n t  o f  Conlmunity (C) u s i n g  t o t a l  d e n s i t i e s  f o r  t h e  
p e r i  p h y t o r ~  c o l  o r ~ i  zed (P) and p e r i  phy ton  unco l  o n i  zed (U) 
s u b s t r a t e s  w i t h  r e s p e c t  t o  sampl ing  d a t e  and t h e  t o t a l  
number o f  i n d i v i d u a l s  w i t h i n  each t r e a t m e n t  c a t e g o r y  P  
and U. 
Day ( C )  (P)  ( U )  
3  0.30 32 5 6 4  
5 0.35 21 5 5 7 
7 0.59 181 11 3  
11 0.07** 144 5 2  
14 0.68 182 184 
18 0 .38  132 381 
*22-28 0.59 8  6  98 
*Days 22 and 28 combined due t o  1  i m i t e d  sarr~ples w i t h i n  each t r e a t m e n t  
c o l  1  e c t e d  on b o t h  days. 
* * A t t r i b u t a b l e  t o  t h e  l ow  number of i n d i v i d u a l s  on t h e  (U )  s u b s t r a t e s .  
Examinat ion of t h e  i n d i v i d u a l  t a x a  and t h e i r  t r o p h i c  r e l a t i o n s  s u g g e s t  
t h a t  p e r i p h y t o n  development may n o t  o n l y  b e  i m p o r t a n t  a s  a food r e s o u r c e ,  
b u t  a l s o  i n  i n c r e a s i n g  t h e  boundary l a y e r  and t h u s  p r o v i d i n g  s l i g h t l y  
more r e f u g e  from t h e  c u r r e n t  as t h e  most  abundant  t a x a  were  f i l t e r  f e e d e r s  
and c o l l e c t o r  g a t h e r s .  T h i s  i s  f u r t h e r  suppor ted  by l a b o r a t o r y  f lume 
o b s e r v a t i o n s  which i n d i c a t e d  t h a t  p e r i p h y t o n  s l i g h t l y  i n c r e a s e s  t h e  
boundary l a y e r .  Thus,  t h e  importance  of p e r i p h y t o n  development shou ld  
n o t  j u s t  b e  viewed from a t r o p h i c  p e r s p e c t i v e  as i n d i r e c t  e v i d e n c e  
s u g g e s t s  i t  i s  i m p o r t a n t  from a h y d r a u l i c  p e r s p e c t i v e .  
From day 3  through day 1 0 ,  t h e  mean t a x a  r i c h n e s s  on t h e  
p e r i p h y t o n  c o l o n i z e d  s u b s t r a t e s  was g r e a t e r  t h a n  t h e  u n t r e a t e d  s u b s t r a t e s ,  
w h i l e  t h e  mean number of  i n d i v i d u a l s  were  g r e a t e r  through day  1 4  when 
approx imate ly  t h e  same numbers occur red  on bo th  t r e a t m e n t s .  These  t r e n d s  
a r e  g r a p h i c a l l y  d i s p l a y e d  i n  F i g s .  6-1 and 6-2. Fol lowing t h e s e  d a t e s ,  
t h e  p e r i p h y t o n  u n t r e a t e d  s u b s t r a t e s  had b o t h  h i g h e r  numbers of  t a x a  and 
s u b s t a n t i a l l y  h i g h e r  numbers of i n d i v i d u a l s  (Tab le  6-3). The d i f f e r e n c e s  
towards t h e  end of t h e  s t u d y  may r e f l e c t  d i f f e r e n c e s  i n  t h e  p e r i p h y t o n  
compos i t ion  on t h e  s u b s t r a t e s  as i t  is  l i k e l y  t h a t  t h e  i n i t i a l  composi t ion 
of  a l g a e  used i n  t h e  p e r i p h y t o n  t r e a t m e n t  was d i f f e r e n t  t h a n  t h a t  which 
o c c u r r e d  i n  J o r d a n  Creek d u r i n g  t h e  s p r i n g  . 
The c h l o r o p h y l l  - a d a t a  (Table  6-5) f u r t h e r  s u g g e s t s  t h a t  
p e r i p h y t o n  development was h i g h e r  and t h u s  more advanced on t h e  p r e t r e a t e d  
s u b s t r a t e s .  T h i s ,  however, could  r e f l e c t  a  reduced g r a z i n g  p r e s s u r e  due 
t o  a l g a l  s e l e c t i v i t y  o n  t h e  m a c r o i n v e r t e b r a t e  g r a z e r s .  
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Table 6-5. Mean ch lo rophy l  concen t ra t i on  (mg Ch la /subs t ra te  
sur face  area) f o r  uncol on i  zed and p e r i  phyton co lon ized  
a r t i f i c i a l  subs t ra tes  w i t h  r espec t  t o  day o f  exposure 
P e r i  phyton 
Colonized 
Per i  phyton 
Uncol o n i  zed 
From day 0 through day 1 8 ,  t h e  s p e c i e s  r i c h n e s s  of t h e  assem- 
b l a g e s  tended t o  i n c r e a s e  w i t h  the  u n t r e a t e d  s u b s t r a t e s  d i s p l a y i n g  t h e  more 
c l a s s i c a l  MacArthur-Wilson c o l o n i z a t i o n  curve  (F ig .  6-1). With t h e  
e x c e p t i o n s  of day 11 samples,  t h e  community s i m i l a r i t y  between t h e  two 
s u b s t r a t e  t r e a t m e n t s  a l s o  i n c r e a s e d .  T h i s  s u g g e s t s  t h a t  t h e  macroinver te-  
b r a t e  assemblages were becoming more and more s i m i l a r  w i t h  t ime .  T h i s  
t r e n d  cont inued through t h e  end of t h e  s t u d y  w i t h  minor v a r i a t i o n s  
(Table  6-4). 
By t h e  end of t h e  s t u d y ,  t h e r e  were s u b s t a n t i a l l y  h i g h e r  
numbers of i n d i v i d u a l s  on t h e  p e r i p h y t o n  u n t r e a t e d  s u b s t r a t e s  t h a n  t h e  
pe r iphy ton  t r e a t e d  s u b s t r a t e s .  There  were,  however, s i m i l a r i t i e s  i n  t h e  
t a x a  r i c h n e s s  ( F i g s .  6-2 and 6-1). T h i s  d i f f e r e n c e  i n  s p e c i e s  abundance 
r a t h e r  t h a n  s p e c i e s  r i c h n e s s  is  more l i k e l y  a t t r i b u t a b l e  t o  t h e  heavy 
r a i n s  which may have i n c r e a s e d  d i s c h a r g e  and v e l o c i t y  washing organisms 
from t h e  s u b s t r a t e s .  The e f f e c t s  of t h e  i n c r e a s e d  d i s c h a r g e  (due t o  heavy 
r a i n s )  towards t h e  l a t t e r  p a r t  of t h e  s t u d y  i s  b e s t  r e f l e c t e d  i n  t h e  lower 
t a x a  r i c h n e s s  on b o t h  s u b s t r a t e  t r e a t m e n t s .  These r e s u l t s  correspond w i t h  
t h o s e  r e p o r t e d  by Osborne (1983) concerning t h e  e f f e c t s  of s p r i n g  s p a t e s  
on l o t i c  b e n t h i c  communities. 
C o l o n i z a t i o n  i s  a  s u b j e c t  t h a t  h a s  been of i n t e r e s t  t o  b e n t h i c  
e c o l o g i s t s  f o r  s e v e r a l  y e a r s  due t o  i t s '  importance i n  t h e  recovery  p r o c e s s .  
The r e s u l t s  of t h i s  s t u d y  i n d i c a t e s  t h a t  pe r iphy ton  development subs tan-  
t i a l l y  a f f e c t s  t h e  r a t e  of c o l o n i z a t i o n  of t h e  i n s e c t  community component. 
These d a t a  f u r t h e r  s u g g e s t  t h a t  i n c r e a s e d  s t r e a m  d i s c h a r g e ,  due  t o  heavy 
p r e c i p i t a t i o n  i n  t h e  watershed h a s  a n  a d v e r s e  e f f e c t  on b e n t h i c  macro- 
i n v e r t e b r a t e  communities. Thus, i n  temporate  s t r e a m  environments ,  one 
should n o t  e x p e c t  t o  f i n d  b e n t h i c  communities i n  e q u i l i b r i u m ,  bu t  r a t h e r  
i n  a c o n s t a n t  s t a t e  of f l u x  responding t o  numerous h i g h  and low d i s c h a r g e  
p u l s e s .  F i n a l l y ,  t h e s e  r e s u l t s  i n d i c a t e  t h a t  c o l o n i z a t i o n  r a t e s  a r e  s t i l l  
q u i t e  v a r i a b l e  w i t h i n  a s i n g l e  r i f f l e  w i t h  r e l a t i v e l y  homogenous h y d r a u l i c  
c o n d i t i o n s .  
6.5.2 Hydropsychid C o l o n i z a t i o n  
One may a s k  why some t a x a  occur  where they  d o  and a r e  a b l e  t o  
e x c l u d e  o t h e r s  from t h e  a r e a ,  and how can  s o  many morpholog ica l ly  and 
e c o l o g i c a l l y  s i m i l a r  t a x a  c o e x i s t .  A p o s s i b l e  mechanism t h a t  would p a r t i a l l y  
answer t h e  above q u e s t i o n  when concerned w i t h  t h e  t a x a  w i t h  s i m i l a r  i n s t r e a m  
f low requ i rements  would b e  d i f f e r e n c e s  such  a s  i n c r e a s e d  d i s c h a r g e  and s c o u r .  
Hu t c h i s o n  (1959) a l l u d e d  t o  such a  mechanism of c o e x i s t e n c e  f o r  e c o l o g i c a l l y  
s i m i l a r  s p e c i e s  i n  h i s  c l a s s i c  "Concluding Remarks." This  s e c t i o n  a d d r e s s e s  
t h e  q u e s t i o n  "do morpholog ica l ly  and e c o l o g i c a l l y  s i m i l a r  t a x a  d i s p l a y  
d i f f e r e n c e s  i n  t h e  r a t e s  of c o l o n i z a t i o n  which may account  f o r  t h e i r  
c o e x i s  tence"? 
For t h i s  a n a l y s i s ,  t h r e e  hydropsychid c a d d i s f l y  t a x a :  Symphi- 
topsyche b r o n t a ;  - S. --- c h e i l o n i s ;  and Hydropsyche b e t t e n i  (Hydropsychidae: 
T r i c h o p t e r a )  were s e l e c t e d  f o r  s t u d y  due t o  t h e  importance of Hydropsychids 
i n  energy t r a n s f e r  i n  most l o t i c  sys tems and t h e  s u b s t a n t i a l  amount of 
taxonomic i n f o r m a t i o n  a v a i l a b l e .  S p e c i f i c s  o n  t h e  importance and l i f e  
h i s t o r y  of t h e s e  t a x a  a r e  r e p o r t e d  e l sewhere  ( e . g . ,  Ross,  1944) and i n  a 
l a t e r  s e c t i o n  of t h i s  r e p o r t ;  however, i t  i s  impor tan t  t o  n o t e  t h a t  
S. c h e i l o n i s  and S. b r o n t a  a r e  s o  morpholog ica l ly  s i m i l a r  i n  t h e  l a r v a l  
- - 
s t a g e s  t h a t  i t  was n o t  u n t i l  1982 t h a t  c h a r a c t e r i s t i c s  were  developed t o  
d i s t i n g u i s h  between t h e  t a x a  (P .  S c h u e s t e r ,  pe r .  comm.) . S i m i l a r l y ,  
H .  b e t t e n i  and t h e  two Symphitopsyche t a x a  were  f o r m e r l y  c o n g e n e r i c ,  b u t  
- 
r e c e n t l y  t h e  former sub-genus Symphitopsy che was e l e v a t e d  t o  t h e  g e n e r i c  
l e v e l  i n  t h e  f a m i l y  Hydropsychidae (Ross and Unzicker ,  1977) .  
A l l  t h r e e  t a x a  c o n s t r u c t  l a r v a l  r e t r e a t s  and f i l t e r  p a r t i c l e s  
from t h e  w a t e r  column. A g r e a t  d e a l  of e f f o r t  by P r o f e s s o r  J .  B .  Wallace 
from t h e  U n i v e r s i t y  o f  Georgia and o t h e r s  have c o n c e n t r a t e d  on t h i s  a s p e c t  
of hydropsychid ecology.  These a n a l y s e s  i n c l u d e  on ly  4 t h  and 5 t h  i n s t a r s  
and t h e  d a t a  w a s  g e n e r a t e d  d u r i n g  t h e  same p e r i o d  as t h e  p reced ing  c o l o n i -  
z a t i o n  s t u d y  u s i n g  i d e n t i c a l  t echn iques .  Bes ides  t h e s e  t h r e e  t a x a ,  o t h e r  
Hydropsychid t a x a  were a l s o  c o l l e c t e d  dur ing  t h e  s t u d y  (S. - b i f i d a ,  
S .  morosa; Cheumatopsyche s p .  ( t h r e e  speci .es  i d e n t i f i e d  from a d u l t  c o l l e c -  
- 
t i o n s ) ,  H. c u a n i s ,  - H.  f r i s o n i ,  g. s imul iums,  Macronema c a r o l i n a ,  M. zebraturn, 
D i p l e c t r o n a  metaqui ,  and - S. sparna)  b u t  i n  i n s u f f i c i e n t  d e n s i t i e s  dur ing  
t h i s  pe r iod  f o r  i n c l u s i o n  i n  t h e  a n a l y s i s .  
6 . 5 . 3  Hydropsychid C o l o n i z a t i o n  R e s u l t s  and D i s c u s s i o n  
The r e s u l t s  of t h e  hydropsychid c o l o n i z a t i o n  s t u d y  i s  r e p o r t e d  
i n  T a b l e  6-5 f o r  both  t h e  p e r i p h y t o n  co lon ized  (P)  and uncolonized (U) t r e a t -  
ments.,  Throughout t h e  s t u d y ,  - S. c h e i l o n i s  and - S. b r o n t a  were s u b s t a n t i a l l y  
more dominant n u m e r i c a l l y  on t h e  s u b s t r a t e s  (approximately  3x) t h a n  
H .  b e t t e n i .  Th i s  was similar t o  t h e  d i s t r i b u t i o n  o f  t h e  t h r e e  t a x a  i n  t h e  
- 
s t u d y  reach  d u r i n g  t h e  c o l o n i z a t i o n  s t u d y  which was determined by t a k i n g  
t h r e e  S u r b e r  samples  a t  t h e  beg inn ing  of t h e  s t u d y ,  two weeks i n t o  t h e  
s t u d y ,  and a t  t h e  end of t h e  s t u d y .  For t h e  fo l lowing  r e s u l t s  t o  b e  
meaningful ,  one must  a l s o  assume t h a t  t h e  abundance of each t a x a  was r e l a -  
t i v e l y  c o n s t a n t  i n  t h e  s t u d y  r e a c h  th roughout  t h e  s t u d y .  The Surber  sample 
d a t a  f u r t h e r  i n d i c a t e d  t h a t  such a n  assumption was a c c e p t a b l e  f o r  t h e s e  
t h r e e  t a x a  d e s p i t e  t h e  v a r i a b i l i t y  a s s o c i a t e d  f o r  t h e  t o t a l  community due 
t o  a l t e r a t i o n s  i n  s t ream flow. Immediately fo l lowing  t h e  t e r m i n a t i o n  o f  
t h e  s t u d y  on June  1 4 ,  1982, bo th  - H .  b e t t e n i  and - S.  c h e i l o n i s  were r a r e  i n  
-
b e n t h i c  samples  b u t  dominant i n  l i g h t  t r a p s  i n d i c a t i n g  a  p e r i o d  of peak 
emergence. 
Comparison of t h e  t o t a l  p e r c e n t  abundance between t a x a  i n d i c a t e s  
t h a t  - H .  b e t t e n i  i s  p r o p o r t i o n a l l y  more abundant  on t h e  s u b s t r a t e s  from day 
3  t o  day  14  t h a n  e i t h e r  - S. b r o n t a  o r  - S. c h e i l o n i s  (Tab le  6-6). By day 1 4 ,  
56.7% of a l l  of t h e  - H. b e t t e n i  l a r v a e  c o l l e c t e d  d u r i n g  t h e  s t u d y  occur red  
on t h e  s u b s t r a t e s ,  whi le  o n l y  16.8% and 19 .3% of t h e  - S .  b r o n t a  and 
S.  c h e i l o n i s  l a r v a e  were c o l l e c t e d .  Thus, t h e s e  d a t a  i n d i c a t e  t h a t  
- 
H .  b e t t e n i  c o l o n i z e s  t h e  s u b s t r a t e s  more r a p i d l y  t h a n  d o e s  e i t h e r  S .  c h e i l o n i s  
- - 
o r  - S. b r o n t a .  Tab le  6-6 i n d i c a t e s  t h a t  t h e r e  i s  no d i f f e r e n c e  i n  t h e  co lo -  
n i z a t i o n  r a t e s  of e i t h e r  - S. b r o n t a  o r  - S. c h e i l o n i s  f o r  t h e  28 day d u r a t i o n  
of t h e  s t u d y .  These r e s u l t s  s u g g e s t  c l o s e  e c o l o g i c a l  s i m i l a r i t y  between t h e  
two m o r p h o l o g i c a l l y  s i m i l a r  t a x a .  I t  i s  n o t  c l e a r  whether  t h e  d i f f e r e n c e s  
i n  c o l o n i z a t i o n  r a t e s  a r e  due  t o  d i f f e r e n c e s  i n  d r i f t  r a t e s  o r  o t h e r  
e c o l o g i c a l  phenomena ( e . g . ,  more r a p i d  e x c l u s i o n  r a t e s ) .  
Fol lowing day 1 4 ,  bo th  - S. b r o n t a  and - S.  c h e i l o n i s  occur red  on 
t h e  s u b s t r a t e s  i n  much g r e a t e r  p r o p o r t i o n s  t h a n  d i d  - H.  b e t t e n i .  Thus 
H .  b e t t e n i  o c c u r s  i n  p r o p o r t i o n a l l y  h i g h e r  abundances e a r l y  i n  t h e  s t u d y  
- 
t h a n  e i t h e r  of t h e  two Symphitopsyche t a x a  s u g g e s t i n g :  1 )  more r a p i d  
c o l o n i z a t i o n  due t o  t h e  g r e a t e r  a d a p t a b i l i t y  of  - H .  b e t t e n i  t o  p e r i o d i c  
env i ronmenta l  f l u c t u a t i o n s ;  2) e x i s t e n c e  of a  mechanism p e r m i t t i n g  t h e  
c o e x i s t e n c e  of - H .  b e t t e n i  w i t h  o t h e r  c o n f a m i l i a l  and e c o l o g i c a l l y  similar 
t a x a ;  o r  3)  t h e  i n f l u e n c e  of  o t h e r  mechanisms, b o t h  p h y s i c a l  and b i o l o g i c a l  
on t h e  p o p u l a t i o n s  of t h e  3  t a x a .  Whether e i t h e r  of t h e  Symphitopsyche t a x a  
c a n  d i s p l a c e  - H.  b e t t e n i  f o l l o w i n g  e s t a b l i s h m e n t  on t h e  s u b s t r a t e s  i s  n o t  
known. A l t e r n a t i v e l y ,  r a p i d  c o l o n i z a t i o n  may b e  i m p o r t a n t  t o  - H .  -- b e t t e n i  i f  
i t  i s  c a p a b l e  of exc lud ing  t h e  Symphitopsyche t a x a  from s u i t a b l e  m i c r o h a b i t a t s  
a l r e a d y  occup ied ,  b u t  u n a b l e  t o  d i s p l a c e  e s t a b l i s h e d  Symphitopsyche.  Thus,  
Table  6- 6. Percent  o f  t h r e e  n e t - s p i  nn ing  hydropsych id  t a x a  o c c u r r i n g  on each 
s u b s t r a t e  th roughou t  t h e  c o l o n i z a t i o n  p e r i o d  and t h e  percen t  o f  each 
on p e r i  phyton c o l o n i z e d  and uncol  o n i  zed s u b s t r a t e s .  I h c l  udes 12"  
s u b s t r a t e s  i n  t o t a l s .  
Tax a  T o t a l  3  5  7  11 14 18 2  2  28 
H. b e t t e n i  ( t o t a l )  
-
H. b e t t e n i  ( p )  
- 
H. b e t t e n i  ( u )  
- 
42 0  4.8 2.4 0.0 7.1 9.5 0.0 19.1 
S.  b r o n t a  ( t o t a l  ) 
- 
131 0.0 0 .8  1.5 1.5 13.0 39.7 9.9 35.1 
S.  b r o n t a  ( p )  
- 103 0.0 0.0 1.9 0.9 11.7 11.7 4.9 4.9 
S.  h r o n t a  ( u )  
- 103 0.0 0.9 0.0 0.9 3.9 24.3 0.9 23.3 
S.  c h e i l o n i s  ( p )  
-
124 0 . 8  0.0 1.6 0 .8  7.3 8.1 8.1 2.4 
S .  c h e i l o n i s  ( u )  
- 
124 0.8  2.4 4.8 0.0 4.0 23.4 4.0 31.5 
*Note: The t o t a l s  l i s t e d  i n  t h e  above t a b l e  i n c l u d e  severa l  12" s u b s t r a t e s  which 
were a l s o  employed i n  t h i s  s tudy .  The ( p )  rep resen ts  t h e  p e r i p h y t o n  
c o l o n i z e d  s u b s t r a t e s  and t h e  % ' s  r e p o r t e d  on these  s u b s t r a t e s  us ing  a  t o t a l  
o b t a i n e d  f rom p  + u  ( =  unco lon ized  p e r i p h y t o n  s u b s t r a t e s )  
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possession may be important i n  determining microhabi ta t  s e l e c t i o n  of 
net-spinning hydropsychids,and should be inves t iga t ed  i f  we a r e  t o  b e t t e r  
manage stream flow. Displ&cement or  exc lus ion  mexhcniams would be par- 
t i c u l a r l y  important i n  stream systems which a r e  h a b i t a t  r a t h e r  than food 
l imi t ed ,  a s  proposed by Cudney and Wallace (1980). 
Compar is~n  of t h e  periphyton colonized and uncolonized sub- 
s t r a t e  d a t a  (through day 14) f o r  - H. b e t t e n i  (Table 6-6) sugges ts  t h a t  
H.  b e t t e n i  l a r v a e  were more abundant on t h e  periphyton colonized when 
- 
compared with t h e  uncolonized s u b s t r a t e s .  Af t e r  day 14 ,  t h e r e  was a  s h i f t  
i n  d i s t r i b u t i o n  favoring t h e  uncolonized s u b s t r a t e s .  A s  i nd i ca t ed  by 
Table 6-5, t h e  ch lorophyl l  - a concent ra t ions  on t h e  two s u b s t r a t e  t rea tments  
were s i m i l a r  fol lowing day 14 suggest ing t h a t  per iphyton i s  an important 
microhabi ta t  requirement of - H .  b e t t e n i .  This suppor ts  e a r l i e r  observa t ions  
t h a t  a lgae  i s  important a s  a  food resource  no t  only i n  s e s ton  product ion 
bu t  through d i r e c t  grazing (J. D. Unzicker,  pe r .  co rn . ) .  
Comparisons of t h e  two s u b s t r a t e  co lon iza t ion  t rea tments  f o r  
S. b ron ta  and S. c h e i l o n i s  i n d i c a t e s  l i t t l e  preference  f o r  e i t h e r  t rea tment  
- - 
during t h e  s tudy;  nor were t h e r e  s i g n i f i c a n t  i n t e r s p e c i f i c  d i f f e r e n c e s  
demonstrating t h e  e c o l o g i c a l  s i m i l a r i t y  between t h e s e  two t axa .  The l ack  
of any preference  f o r  t h e  s u b s t r a t e  t rea tments  compared with t h e  observed 
preference  of - H .  b e t t e n i  f o r  colonized s u b s t r a t e s  sugges ts  t h a t  t h e  two 
Symphitopsyche taxa  may be' h a b i t a t  s p e c i a l i s t s .  The Symphitopsyche taxa  
may have a  g r e a t e r  dependency on se s ton  while  H. b e t t e n i  both grazes  and 
c o l l e c t s  ses ton .  I n  genera l  t h e  r e s u l t s  of t h i s  s tudy i n d i c a t e  t h a t  t h e r e  
a r e  eco log ica l  d i f f e r e n c e s  between - H .  b e t t e n i  and t h e  two Symphitopsyche 
t axa ,  b u t  no d e t e c t a b l e  d i f f e r e n c e s  between - S. c h e i l o n i s  and - S. b ron ta .  
Such eco log ica l  d i f f e r e n c e s  w i l l  e f f e c t  instream flow needs ana lyses .  
6 . 5 . 4  Sediment E f f e c t s  on t h e  D i s t r i b u t i o n  of Hydropsychid Larvae 
A p r i n c i p a l  purpose  of t h e  fo l lowing  exper iments  s e c t i o n  was 
t o  de te rmine  t h e  e f f e c t s  of s e d i m e n t a t i o n  on t h e  d i s t r i b u t i o n  o f  a q u a t i c  
i n s e c t s .  For t h i s  s t u d y  a l l  hydropsychid  ( T r i c h o p t e r a :  Hydropsychidae) 
l a r v a e  observed o n  t h e  s u b s t r a t e  were employed s i n c e  t h e i r  l a r v a l  r e t r e a t s  
cou ld  be e a s i l y  viewed and counted w i t h o u t  d i s t u r b i n g  t h e  l o c a t i o n  of t h e  
s u b s t r a t e s  i n  t h e  s t ream.  T h i s ,  of c o u r s e ,  p rec luded  s p e c i f i c  taxonomic 
i d e n t i f i c a t i o n s  b u t  p e r m i t t e d  a n  o v e r a l l  assessment  of sediment  e f f e c t s  
on t h e  ne t - sp inn ing  t a x a .  Fur thermore,  a q u a l i t a t i v e  assessment  of t h e  
amount of sediment w i t h i n  each  notch could  b e  made w i t h o u t  d i s t u r b i n g  t h e  
s u b s t r a t e s .  T h i s  d a t a  is  amenable t o  nonparametr ic  s t a t i s t i c a l  a n a l y s e s .  
The q u a l i t a t i v e  a n a l y s e s  of hydropsychid sediment  r e l a t i o n -  
s h i p s  is  based on two assumptions:  1 )  t h a t  t h e  occur rence  of a hydropsychid 
r e t r e a t  r e p r e s e n t s  t h e  e x i s t e n c e  of a s i n g l e  hydropsychid  l a r v a e ;  and 2)  t h a t  
a c o n s i s t e n t  q u a l i t a t i v e  assessment  of sediment  c o n c e n t r a t i o n  could  b e  made. 
With r e g a r d s  t o  t h e  f i r s t  assumption,  we have p e r i o d i c a l l y  found e i t h e r  no 
l a r v a e  o r  more t h a n  one l a r v a e  ( g e n e r a l l y  two, b u t  never  more t h a n  t h r e e )  
a s s o c i a t e d  w i t h  a r e t r e a t .  T h i s  being t h e  c a s e ,  one could  expec t  t h e  
unusua l  c a s e s  o f  no l a r v a e  o r  m u l t i p l e  l a r v a e  w i t h i n  a r e t r e a t  t o  average  
o u t  g i v e n  a l a r g e  enough sample s i z e  assuming a normal d i s t r i b u t i o n .  
To i n s u r e  t h a t  a meaningful  q u a l i t a t i v e  sediment  assessment  
was employed, a second a n a l y s i s  was conducted u s i n g  t h e  q u a l i t a t i v e  co lon i -  
z a t i o n  d a t a  of l a r v a l  c o u n t s  and t h e  s u b s t r a t e  n o t c h  sediment  d a t a  ( s e e  
Methods s e c t i o n )  . Using t h i s  p rocedure ,  one could  expec t  similar r e s u l t s  
between t h e  two sediment a n a l y s e s .  I f  d i f f e r e n t  s t a t i s t i c a l  r e s u l t s  a r e  
o b t a i n e d  between t h e  q u a l i t a t i v e  and q u a n t i t a t i v e  assessments ,  one must 
assume t h a t  a n  i n s u f f i c i e n t  sample s i z e  was used i n  t h e  q u a n t i t a t i v e  
assessment ,  t h a t  t h e  no l a r v a e - m u l t i p l e  l a r v a e  r e t r e a t s  d i d  n o t  average  
t o  one ,  o r  t h a t  one o r  both  of t h e  two above assumptions  were v i o l a t e d  i n  
t h e  q u a l i t a t i v e  assessment .  
6.5.5 R e s u l t s  and D i s c u s s i o n  of Sediment-Retreat  D i s t r i b u t i o n  
Throughout t h e  q u a n t i t a t i v e  s t u d y ,  a t o t a l  of 363 Hydropsychids - 
were picked from t h e  s u b s t r a t e s .  S i x t y - n i n e  of t h e s e  were Cheumatopsyche 
s p .  and t h e  remaining belonged t o  e i t h e r  t h e  genus  Symphitopsyche o r  t h e  
genus  Hydropsyche. Of t h e  363 l a r v a e  c o l l e c t e d ,  273 were c o l l e c t e d  i n  t h e  
n o t c h e s  and 90 c o l l e c t e d  from t h e  f a c e s .  I t  was a p p a r e n t  t h a t  a l l  of t h e  
hydropsychids  c o l l e c t e d  from t h e  f a c e s  ( i . e . ,  90) were a s s o c i a t e d  w i t h  
i r r e g u l a r i t i e s  i n  t h e  s u b s t r a t e  s u r f a c e s  ( i . e . ,  d e p r e s s i o n s  o r  s m a l l  h o l e s ) .  
These organisms were excluded from t h e  p r e s e n t  a n a l y s i s ,  however, t h e s e  
o b s e r v a t i o n s  d i d  p e r m i t  t h e  development of a n  a d d i t i o n a l  exper iment  ( t o  b e  
d i s c u s s e d  l a t e r )  concerning t h e  a v a i l a b i l i t y  of d e p r e s s i o n s  on t h e  d i s t r i b u t i o n  
of hydropsychid c a d d i s f  l i e s .  
Of t h e  273 hydropsychid l a r v a e  found i n  t h e  n o t c h e s ,  20.5% were 
l o c a t e d  i n  no tch  I ,  42.5% occur red  i n  n o t c h  11, and 37% i n  n o t c h  111. Analy- 
sis u s i n g  a x2 t e s t  i n d i c a t e d  t h a t  such a d i s t r i b u t i o n  was n o t  s i g n i f i c a n t l y  
d i f f e r e n t  from t h a t  which would be  randomly expected.  These f i n d i n g s  c o r r e -  
spond w i t h  t h e  c a l i b r a t i o n  r e s u l t s  (Chapter  5) where no s i g n i f i c a n t  d i f f e r -  
ences  were found i n  t h e  m i c r o h a b i t a t  c u r r e n t  v e l o c i t i e s  between no tches .  
The sediment  c o n c e n t r a t i o n s  w i t h i n  t h e  n o t c h e s  were  q u i t e  
v a r i a b l e ,  r a n g i n g  from a minimum of 0 .11 mg of sediment  o n  June  8 ,  1982 t o  
a maximum of 103.08 mg on May 31, 1982 ( F i g .  6-3). Such v a r i a t i o n  i n  t h e  
amount of sediment i s  t y p i c a l  of r i f f l e  a r e a s  which can b e  c h a r a c t e r i z e d  by 
c o n t a i n i n g  b o t h  a r e a s  of d e p o s i t i o n  and e r o s i o n .  Due t o  t h e  f a c t  t h a t  t h e  
sediment  c o n c e n t r a t i o n s  were  con t inuous  and n o t  i n  d i s c r e t e  c a t e g o r i e s ,  t h e  
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sed imen t  v a l u e s  were  a r b i t r a r i l y  b roken  up i n t o  23 d i s c r e t e  c a t e g o r i e s  t o  
s i m p l i f y  t h e  a n a l y s i s .  The p e r c e n t  of t h e  t o t a l  number of n o t c h e s  w i t h i n  
e a c h  c a t e g o r y  a r e  g r a p h i c a l l y  p r e s e n t e d  i n  F i g .  6-3. 
The p e r c e n t  of  t h e  l a r v a e  c o l l e c t e d  from e a c h  of t h e  sediment  
c a t e g o r i e s  are g r a p h i c a l l y  p r e s e n t e d  i n  F i g .  6-4. These  d a t a  s u g g e s t  a  
s u b s t a n t i a l  skewness and s e l e c t i o n  f o r  n o t c h e s  w i t h  low sed imen t  c o n t e n t s  
a s  76.7% of  a l l  of t h e  l a r v a e  c o l l e c t e d  were  found i n  n o t c h e s  c o n t a i n i n g  
5  mg o r  less o f  t o t a l  sed imen t .  Thus, upon f i r s t  examina t ion  i t  would 
appear  t h a t  s e d i m e n t a t i o n  does  a f f e c t  t h e  d i s t r i b u t i o n  o f  hydropsychid  
l a r v a e .  T h i s  may n o t  b e  t h e  c a s e ,  however, a s  one  mus t  a s k  i f  t h e s e  
r e s u l t s  a r e  a f u n c t i o n  of t h e  h a b i t a t  a v a i l a b l e ,  o r  of  t h e  d i s t r i b u t i o n  
o f  h a b i t a t  t y p e s  w i t h i n  t h e  s t u d y  a r e a .  I n  e s s e n c e ,  one  mus t  a s k  i f  76.7% 
of t h e  h a b i t a t  n o t c h e s  a v a i l a b l e  c o n t a i n  5  mg o r  less o f  sed imen t  and t h e  
d i s t r i b u t i o n  of t h e  h y d r o p s y c h i d s t  i s  s imply  random w i t h  r e g a r d s  t o  s e d i -  
ment c o n c e n t r a t i o n .  To d e t e r m i n e  i f  t h e  above i s  t h e  c a s e ,  w e  are f o r c e d  
t o  examine t h e  d i s t r i b u t i o n  of h a b i t a t  t y p e s  ( i . e . ,  F i g .  6-3) ,  and s t a t i s -  
t i c a l l y  compare t h i s  d i s t r i b u t i o n  w i t h  t h e  l a r v a e  d i s t r i b u t i o n  ( i . e . ,  F i g .  
6-4). Such a  compar ison was made u s i n g  t h e  Kolmogorov-Smirnov test  which 
i s  based  upon t h e  p remise  t h a t  " i f  two samples  have  . . . been drawn from 
t h e  same p o p u l a t i o n  d i s t r i b u t i o n ,  t h e n  t h e  cumula t ive  d i s t r i b u t i o n  of b o t h  
samples  may b e  expec ted  t o  b e  f a i r l y  c l o s e  t o  e a c h  o t h e r  i n  a s  much a s  t h e y  
b o t h  shou ld  show o n l y  random d e v i a t i o n s  from t h e  p o p u l a t i o n  d i s t r i b u t i o n "  
( S i e g e l ,  1956) . 
No s i g n i f i c a n t  d i f f e r e n c e s  (i .e . ,  a = 0.05) were found i n  t h e  
d i s t r i b u t i o n  o f  t h e  sediment-notch  d a t a  and t h e  l a rvae - sed imen t  d a t a  which 
i n d i c a t e d  t h a t  t h e  c a d d i s f l i e s  f o l l o w  t h e  same d i s t r i b u t i o n  a s  d i d  t h e  
h a b i t a t  s e d i m e n t  t y p e s .  Thus, w i t h i n  t h e  r a n g e  of sediment  c o n c e n t r a t i o n s  
measured q u a n t i t a t i v e l y  i n  t h i s  s t u d y ,  no e f f e c t s  can  be  found o n  t h e  
d i s t r i b u t i o n  of hydropsychid l a r v a e  on t h e  a r t i f i c i a l  s u b s t r a t e s  employed. 
The q u a l i t a t i v e  s t u d y  was under taken  t o  p rov ide  ( d e s c r i b e d  
p r e v i o u s l y )  a  g r e a t e r  sample s i z e  w i t h  somewhat l e s s  e f f o r t .  A t o t a l  of 
684 hydropsychid r e t r e a t s  were observed d u r i n g  t h e  28 day s t u d y  and 
r e l a t e d  t o  t h e  sediment c o n c e n t r a t i o n .  Of t h e s e  25% were observed i n  
no tch  X ,  38% i n  no tch  y ,  and 37% i n  n o t c h  z .  Such a d i s t r i b u t i o n  i s  
s t a t i s t i c a l l y  i d e n t i c a l  t o  t h a t  o b t a i n e d  i n  t h e  q u a n t i t a t i v e  assessment .  
I n  t h e  f o l l o w i n g  a n a l y s i s ,  we t e s t e d  t h e  h y p o t h e s i s  t h a t  
organisms a r e  c o l o n i z i n g  t h e  s u b s t r a t e s  i n  a  manner s i m i l a r  t o  t h e i r  
d i s t r i b u t i o n  w i t h i n  t h e  environment based on q u a n t i t a t i v e  d a t a .  The 
number of r e t r e a t s  w i t h i n  each n o t c h  and t h e  p e r c e n t  of t h e  t o t a l  w i t h i n  
each  no tch  w i t h  r e g a r d s  t o  t h e  f o u r  q u a l i t a t i v e  sediment c a t e g o r i e s  a r e  
r e p o r t e d  i n  Tab le  6-7, w h i l e  t h e  number and p e r c e n t  o f  t h e  n o t c h e s  w i t h i n  
each  sediment q u a l i t a t i v e  c a t e g o r y  a r e  r e p o r t e d  i n  T a b l e  6-3. Comparison 
of t h e s e  two d i s t r i b u t i o n s ,  once a g a i n  i n d i c a t e d  t h a t  t h e i r  were  no 
d i f f e r e n c e s  i n  t h e  number of r e t r e a t s  c o n s t r u c t e d  and t h e  d i s t r i b u t i o n  
of sediment  throughout  t h e  s t u d y  a r e a .  Thus, t h e  r e s u l t s  of bo th  t h e  
q u a n t i t a t i v e  and q u a l i t a t i v e  a n a l y s e s  were t h e  same which p r o v i d e s  adequa te  
ev idence  t o  s u g g e s t  t h a t  s e d i m e n t a t i o n  i s  n o t  a n  impor tan t  f a c t o r  t o  t h e  
d i s t r i b u t i o n  of hydropsychid c a d d i s f l i e s  on t h e  s t a n d a r d i z e d  s u b s t r a t e s .  
6 .6  SUMMARY 
I n  summary, t h e  r e s u l t s  of t h e s e  i n v e s t i g a t i o n s  i n d i c a t e  t h a t :  
1) p r e c o n d i t i o n i n g  of a r t i f i c i a l  s u b s t r a t e s  by p e r i p h y t o n  s i g n i f i c a n t l y  
i n c r e a s e s  t h e  r a t e  o f  m a c r o i n v e r t e b r a t e  c o l o n i z a t i o n ,  2) p e r i p h y t o n  may 
n o t  o n l y  b e  impor tan t  t r o p h i c a l l y ,  b u t  a l s o  h y d r a u l i c a l l y ,  a s  i n d i r e c t  
e v i d e n c e  s u g g e s t s  i t  i n c r e a s e s  t h e  boundary l a y e r ,  3) p e r i p h y t o n  u n t r e a t e d  
s u b s t r a t e s  d i s p l a y e d  a  more c l a s s i c  MacArthur-Wilson c o l o n i z a t i o n  curve  
Tab le  6-7. Number o f  r e t r e a t s  i n  each no tch  ( %  o f  t o t a l )  w i t h  regards 
t o  e s t i m a t e  o f  sediment c o n c e n t r a t i o n .  
SEDIMENT CATEGORY 
Notch None L i t t l e  Moderate I n t e n s e  
X 61 (36)  87(51) la  7 )  11 (6 )  
Y 95(36) 125 (48)  41 (1  6 )  o ( 0 )  
Z 96(38) 128(51) 27(11) l ( 0 . 4 )  
Tab le  6-8. Number o f  notches w i t h  each sed imenta t ion  l e v e l  
( i e .  a v a i l a b l e  h a b i t a t ) .  
SEDIMENT CATEGORY 
Notch None L i t t l e  Moderate I n t e n s e  
X 43(34) 59(46) 16(13)  9 (7 )  
Y 53 (42) 65 (51 ) 8 (  6 )  1 0  
t h a n  d i d  p e r i p h y t o n  p r e t r e a t e d  s u b s t r a t e s ,  4)  i n c r e a s e d  d i s c h a r g e  tended 
t o  lower t a x a  r i c h n e s s ,  5) c o l o n i z a t i o n  r a t e s  of m a c r o i n v e r t e b r a t e s  a r e  
q u i t e  v a r i a b l e  even i n  s t r e a m  r e a c h e s  w i t h  similar h y d r a u l i c  c o n d i t i o n s ,  
6)  - H .  b e t t e n i  appears  t o  c o l o n i z e  a v a i l a b l e  m i c r o h a b i t a t s  more r a p i d l y  
t h a n  does  e i t h e r  - S.  c h e i l o n i s  o r  S .  b r o n t a  and a p p e a r s  t o  b e  more 
dependent  on p e r i p h y t o n  development t h a n  e i t h e r  of t h e  Symphitopsyche 
t a x a ,  7) t h e r e  a r e  no d e t e c t a b l e  d i f f e r e n c e s  i n  t h e  c o l o n i z a t i o n  r a t e s  
and responses  t o  t h e  p resence  of p e r i p h y t o n  between 2. c h e i l o n i s  and 
S. b r o n t a ,  and 8) s e d i m e n t a t i o n  does  n o t  appear  t o  a f f e c t  t h e  d i s t r i b u t i o n  
- 
of hydropsychid l a r v a e  on our  a r t i f i c i a l  s u b s t r a t e s  as organisms u t i l i z e  
a v a i l a b l e  m i c r o h a b i t a t s  i n  t h e  same p r o p o r t i o n  as t h e y  occur  i n  t h e  
environment.  
7. INSTREAM CURRENT REQUIREMENTS OF FOUR SPECIES OF 
NET-SPINNING HYDROPSYCHID CADDISFLIES AND SIMULIUM SP. 
7 .1  PURPOSE 
Ross (1944) recognized f o u r  d i s t i n c t  sub fami l i e s  of  Hydropsychidae 
which i nc ludes :  Arctopsychinae;  D ip l ec t ron inae ;  Macronematinae; and 
Hydropsychinae. I n d i v i d u a l s  from t h r e e  of t h e s e  s u b f a m i l i e s  ( a l l  b u t  
Arctopsychinae)  have been c o l l e c t e d  from Jordan  Creek, I l l i n o i s  w i t h  f o u r  
t axa  (Symphitopsyche c h e i l o n i s ,  2. spa rna ,  - S. b r o n t a ,  and Hydropsyche 
b e t t e n i ) ,  a l l  belonging t o  t h e  subfamily  Hydropsychinae, occu r r i ng  i n  t h e  
g r e a t e s t  abundance. These f o u r  t axa  of hydropsychids were s t u d i e d  t o  
de te rmine  t h e  m i c r o h a b i t a t  c u r r e n t  v e l o c i t i e s  which t h e s e  f o u r  t a x a  
i nhab i t ed ;  and f u r t h e r ,  t o  determine t h e  i n t e r s p e c i f i c  o v e r l a p  of one o r  
more n i che  dimensions.  M i c r o d i s t r i b u t i o n  is  impor tan t  i n  food p r e f e r ences  
of c a d d i s f l i e s  (U l f s t r and ,  1967) .  Due t o  t h e  e x i s t e n c e  of two d i s t i n c t  
h y d r a u l i c  zones on t h e  a r t i f i c i a l  s u b s t r a t e s  (Sec t ion  5 - Cinematography 
R e s u l t s )  employed i n  t h i s  s t udy ,  i t  was a l s o  p o s s i b l e  t o  de te rmine  how 
f low p a t t e r n s  a f f e c t e d  t he  d i s t r i b u t i o n  of t h e  fou r  s p e c i e s  of hydropsychid 
c a d d i s f l i e s  i n  r e l a t i o n  t o  food sou rce s .  
7.2 INTRODUCTION 
Two r e c e n t l y  forwarded concepts  , t h e  r i v e r  continuum (Vannote e t  a 1  . , 
1980) and s p i r a l l i n g  (Webster, 1975; Newbold e t  a l . ,  1982) have had pro- 
nounced impacts  on  t h e  d i r e c t i o n  of modern day s t r e am r e s e a r c h ;  p a r t i c u l a r l y  
w i th  r ega rd s  t o  energy t r a n s f e r  and ecosystem maintenance.  While t h e s e  
i d e a s  a r e ,  i n  f a c t ,  developed w i t h i n  t h e  e a r l y  e c o l o g i c a l  and hyd ro log i ca l  
l i t e r a t u r e ,  Vannote and Webster have been a b l e  t o  s y n t h e s i z e  and p r e s e n t  
t h i s  in format ion  i n  a r e l a t i v e l y  c l e a r  and cohe ren t  manner. 
The concepts  of t h e  continuum and s p i r a l i n g  a r e  p a r t i c u l a r l y  important 
when one recognizes  t he  f a c t  t h a t  s t reams cannot r e g u l a t e  the  amount of 
i n p u t  from t h e  watershed (e .g . ,  energy, n u t r i e n t s ,  p o l l u t a n t s ,  e t c . )  whi le  
responding t o  any inpu t  through va r ious  i n t e r n a l  mechanisms t o  maximize 
e f f i c i e n c i e s .  The importance of t h e  watershed was recognized by Hynes 
(1975) i n  t h e  c l a s s i c  l e c t u r e  "The Stream and Its Valley." The mechanisms 
c i t e d  a s  important  watershedls t ream continuum maintenance f a c t o r s  may 
inc lude  s p i r a l i n g  o r  cont inuous downstream recyc l ing  of n u t r i e n t s ,  u t i l i -  
z a t i o n  and conversion of a l l  a v a i l a b l e  forms of energy, and i n t e r n a l  
d e t o x i f i c a t i o n  o r  f l u sh ing  and d i l u t i o n  of t o x i c a n t s  w i th in  o r  through 
t h e  system. Within t h e  s t ream, these  mechanisms a r e  r egu la t ed ,  i n  p a r t ,  
by the  b i o t i c  community through va r ious  means such a s  s p e c i e s  adap ta t i ons  
and behav io ra l  modi f ica t ions .  Added t o  t h e  b i o l o g i c a l  r e g u l a t i o n s  a r e  
s t ream d i scha rge  and o t h e r  r e l a t e d  hyd rau l i c  parameters which provide an 
important  r a t e  determining component t o  t h e  a b w e  i n t e r n a l  mechanisms and 
processes .  Thus, s t ream d ischarge  cannot  b e  overlooked a s  a major f a c t o r  
i n  t h e  management, r e s t o r a t i o n ,  o r  p r o t e c t i o n  of a q u a t i c  communities. 
Discharge a f f e c t s  t h e  r a t e s  and processes  of watershedls t ream continuum 
f a c t o r s  d i r e c t l y .  
Wallace (1979) has  pointed o u t  t h a t  net-spinning Tr i chop te ra  u t i l i z e d  
the  k i n e t i c  energy of s t reams a s  a food ga the r ing  energy subsidy,  long 
be fo re  man ever  dreamed of such energy a p p l i c a t i o n s .  E a r l i e r ,  Roback (1962) 
suggested t h a t  l a r v a e  of one family of ne t - sp inners ,  t h e  Hydropsychidae, 
comprise about  80% of t r i c h o p t e r a n  numbers i n  moderate t o  l a r g e  North 
American s t reams.  Thus, members of t he  fami ly  Hydropsychidae a r e  an 
important l i n k  i n  most s t ream food cha ins  and t h e r e  response  t o  d i scharge  
modi f ica t ions  and a l t e r a t i o n s  could be  considered important  t o  t h e  
func t ion ing  of the  sys  t e m  i n  genera l .  
Numerous i n v e s t i g a t o r s  have examined a s p e c t s  of t h e  biology of 
hydropsychid caddisf  l ies .  These s t u d i e s  have ranged from mic rod i s t r i bu -  
t i o n a l  importance i n  r ega rds  t o  food preference  (U l f s t r and ,  1967) t o  t he  
s t r u c t u r e  and dimensions of f i l t e r i n g  n e t s  (e .g . ,  Wallace,  1975; Wallace, 
1979; Wallace e t  a l . ,  1977).  While many have devised va r ious  means of 
examing the  ranges of c u r r e n t  v e l o c i t i e s  t o  which t h e s e  organisms a r e  
exposed (Williams and Hynes, 1973; Wallace,  1975; Cudney and Wallace,  1980; 
Malas and Wallace, 1977) none have been a b l e  t o  determine a c t u a l  micro- 
h a b i t a t  v e l o c i t i e s  t o  which t h e  organisms a r e  exposed. Some of t h e  b e s t  
d a t a  t o  d a t e  have been co l l ec t ed  by D r .  J .  B .  Wallace and coworkers who 
employed a  rubber  bag c u r r e n t  meter fol lowing t h a t  developed by Gessner 
(1955). While such a  device does provide t h e  c u r r e n t  v e l o c i t y  i n  t h e  
g e n e r a l  a r e a  of t h e  l a r v a e ,  it is  ques t ionable  whether t h e s e  read ings  a r e ,  
i n  f a c t ,  t h e  c u r r e n t  v e l o c i t i e s  t o  which t h e  organisms a r e  exposed due t o  
t h e i r  l a r g e  s i z e  and d i s t a n c e  from t h e  s u r f a c e .  Recent improvements i n  
l a b o r a t o r y  ana lyses  have included observa t ions  of microhabi ta t  charac te r -  
i s t i c s  through t h e  use of hydrogen bubble techniques (Georgian, 1983) .  
Due t o  t h e  l i m i t e d  amount of information on microhabi ta t  c u r r e n t  
requirements  of hydropsychid c a d d i s f l i e s  t h i s  s tudy  was i n i t i a t e d  t o  
r e l a t e  ins t ream flow wi th  a q u a t i c  i n s e c t  mic rohab i t a t  requirements .  
Throughout t h i s  s e c t i o n  mic rohab i t a t  c u r r e n t  v e l o c i t i e s  w i l l  r e f e r  t o  
t he  c a l c u l a t e d  speed of t h e  water  a t  a  d i s t a n c e  of 0.9 mm above t h e  
s u b s t r a t e  s u r f a c e .  This  i s  w e l l  w i th in  t h e  a r e a  where a  caddis  l a r v a e  
would be  l oca t ed .  
7.3 STLTDY AREA 
The s t u d y  was conducted i n  Jo rdan  Creek,  I l l i n o i s  ( d e s c r i b e d  i n  
s e c t i o n  6) i n  two s t u d y  s i t e s ,  A and B.  S i t e  A was t h e  same a s  d e s c r i b e d  
i n  s e c t i o n  6.  The hydropsychid fauna  o f  t h e  s i t e  was dominated by 
S.  c h e i l o n i s  and S. b r o n t a .  S i t e  B was l o c a t e d  approximately  2.5 km 
- - 
downstream from s i t e  A. The r i p a r i a n  v e g e t a t i o n  i n  t h e  v i c i n i t y  of 
s i t e  B was w e l l  developed w h i l e  s i t e  A was c h a r a c t e r i z e d  by p a s t u r e  and 
g r a z i n g  l a n d  w i t h  few s h r u b s  and t r e e s  and no canopy. S i t e  B i s  t y p i c a l  
of most e a s t e r n  deciduous f l o r a .  The hydropsychid fauna  a t  t h i s  s i t e  
was dominated by - S. sparna .  - H .  b e t t e n i  occur red  a t  b o t h  s i t e s ,  a l though  
n o t  i n  t h e  same abundance as t h e  Symphitopsyche t a x a .  
7.4 METHODS 
A r t i f i c i a l  c o n c r e t e  s u b s t r a t e s  (F ig .  5-1) were p laced  i n t o  t h e  s t r e a m  
a t  b o t h  s t a t i o n s  A and B as d e s c r i b e d  i n  s e c t i o n  5 .4 .1  a t  v a r i o u s  t imes  
from J u l y ,  1982 through May, 1983. The s u b s t r a t e s  were p e r m i t t e d  t o  
c o l o n i z e  f o r  a p e r i o d  of two weeks, b u t  n o t  more than  t h r e e  weeks. P r i o r  
t o  c o l l e c t i o n ,  t h e  c u r r e n t  v e l o c i t y  and t empera tu re  were recorded  i n  t h e  
v i c i n i t y  o f  each s u b s t r a t e  us ing  a Marsh-McBirney f low mete r ,  and hand 
thermometer as d e s c r i b e d  i n  s e c t i o n  5 .4 .1 .  T h i s  i n f o r m a t i o n  was used t o  
c a l c u l a t e  a  R v a l u e  f o r  each a r t i f i c i a l  s u b s t r a t e .  
e  
The s u b s t r a t e s  were removed from t h e  s t ream and immediately examined 
f o r  hydropsychid l a r v a e  and r e t r e a t s .  The l o c a t i o n  of each hydropsychid 
l a r v a e  was recorded  and t h e  l a r v a e  p laced  i n t o  a  cor responding ly  l a b e l e d  
v i a l  c o n t a i n i n g  70% ETOH. These samples were  r e t u r n e d  t o  t h e  l a b o r a t o r y  
and t h e  l a r v e  i d e n t i f i e d  and t h e  head-capsule  measured f o r  i n s t a r  
d e t e r m i n a t i o n .  
Due t o  t h e  morphological  s i m i l a r i t y  between - S. b r o n t a  and - S .  c h e i l o n i s  
i t  was n o t  p o s s i b l e  t o  d i s t i n g u i s h  between t h e s e  two t a x a  i n  t h e  f i r s t  and 
second i n s t a r s .  Theref o r e ,  only  t h e  t h i r d ,  f o u r t h ,  and f i f t h  i n s t a r s  were 
u t i l i z e d  i n  t h e  fo l lowing  ana ly se s  f o r  t h e  t h r e e  Symphitopsyche and one 
Hydropsyche t axa .  The r e s u l t s  of t h e  i n s t a r  f requency a n a l y s i s  a r e  
g r a p h i c a l l y  d i sp l ayed  i n  F ig .  7-1. 
Once t h e  above in format ion  was compiled,  t h e  Re v a l u e  was used i n  
c a l c u l a t i n g  t h e  mic rohab i t a t  c u r r e n t  v e l o c i t i e s  i n  t h e  v i c i n i t y  of each 
l a r v a e  u s ing  t h e  equa t i ons  i n  Tab le  5-2. Th i s  i n fo rma t ion  was used i n  
developing a frequency d i s t r i b u t i o n  ' v s '  c u r r e n t  v e l o c i t y  f o r  each t a x a .  
A r e sou rce  u t i l i z a t i o n  index was c a l c u l a t e d  f o r  each combination of 
t axa .  The index  fol lowed t h a t  de sc r i bed  by Schoener (1968).  The c a l c u l a t i o n s  
a r e  as fo l lows :  
1 - 112 ~ l ~ i j  - ~ i k l  
where: P i j  and P i k  a r e  t he  i n t e n s i t y  of u t i l i z a t i o n  of t h e  i t h  r e sou rce  by 
t he  j t h  and k t h  s p e c i e s .  
7.5 MICROHYDRAULIC STUDY 
A s  r epo r t ed  e a r l i e r ,  two d i s t i n c t  h y d r a u l i c  r e g i o n s  were  i d e n t i f i e d  i n  
each no tch .  These a r e  g r a p h i c a l l y  d i sp l ayed  i n  F i g .  5-3 and r e f e r e d  t o  a s  
Region I ( o u t s i d e  r eg ions )  and Region I1 ( t h e  i n s i d e  o r  middle r e g i o n ) .  It 
is proposed t h a t  t h e  e x i s t e n c e  of such d i f f e r e n t  h y d r a u l i c  r e g i o n s  would be 
impor tan t  i n  t h e  d i s t r i b u t i o n  of hydropsychid l a r v a e .  E s s e n t i a l l y ,  t h i s  
can be  v i s u a l i z e d  as fo l lows .  I f  a food p a r t i c l e  suspended i n  t h e  wa t e r  
column ( i . e . ,  Ses ton)  e n t e r s  t h e  s u b s t r a t e  notch a t  Region I ,  i t  w i l l  c y c l e  
around, due t o  entrapment  w i t h i n  a v o r t e x ,  f o r  3-5 r e v o l u t i o n s ;  t h u s ,  
p rov id ing  a l a r v a e  w i th  3-5 o p p o r t u n i t i e s  t o  e n t a n g l e  t h e  p a r t i c l e  w i t h i n  
i t s  n e t .  Conversely ,  i f  t h e  same p a r t i c l e  were t o  e n t e r  t h e  middle  r eg ion  
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of t h e  no tch  ( i . e . ,  Region 11; Fig.  5-1) t h e  p a r t i c l e  w i l l  e i t h e r  s lowly  
mig ra t e  t o  one of  t h e  two s i d e s  (Region I )  o r  s e t t l e  o u t  g iv ing  t h e  l a r v a e  
on ly  a  s i n g l e  oppo r tun i t y  t o  c a p t u r e  t h e  p a r t i c l e .  Thus, by l o c a t i n g  a 
c a p t u r e  n e t  i n  Region I,  a  hydropsychid l a r v a e  would p rov ide  i t s e l f  w i t h  
3-5 o p p o r t u n i t i e s  of  c ap tu r i ng  a food p a r t i c l e  e n t e r i n g  Region I ,  as w e l l  
as prov id ing  an  oppo r tun i t y  of  c o l l e c t i n g  t h o s e  p a r t i c l e s  which en t e r ed  
Region 11. Therefore ,  i f  hydropsychids were t o  p o s i t i o n  t h e i r  r e t r e a t s  
f o r  op t ima l  f i l t e r i n g  e f f e c t i v e n e s s ,  one would expec t  t h e  m a j o r i t y  of 
r e t r e a t s  t o  be  l o c a t e d  w i t h i n  Region I .  The preced ing  w a s  used as a 
hypo the s i s  f o r  t h i s  s p e c i f i c  i n v e s t i g a t i o n .  
7 .5 .1  R e s u l t s  and Discuss ion  
The r e s u l t s  of  t h i s  i n v e s t i g a t i o n  a r e  r e p o r t e d  i n  F ig .  7-2. 
These d a t a  i n d i c a t e  t h a t :  89.6% of t h e  - H. b e t t e n i  l a r v a e ;  78.3% of  t h e  
S.  b r o n t a  l a r v a e ;  84.8% of t h e  S.  c h e i l o n i s  l a r v a e ;  and 90.5% of  t h e  
- - 
S .  sparna  l a r v a e  w e r e  found i n  Region I. These r e s u l t s  demonstra ted t h a t  
- 
Hydropsychid l a r v a e  i n  g e n e r a l  maximize s e s ton  c a p t u r e  and f i l t e r i n g  
e f f i c i e n c i e s  by c o n s t r u c t i n g  f i l t e r i n g  n e t s  i n  a r e a s  where v o r t i c e s  form 
when g iven  a cho i ce  between no  v o r t e x  a r e a s  and v o r t e x  a r e a s .  Thus, 
microhydrau l ic  p a t t e r n s  appear  t o  s i g n i f i c a n t l y  a f f e c t  t h e  d i s t r i b u t i o n  
of Hydropsychid l a r v a e .  
Examination of  t h e  a c t u a l  p e r c e n t  occur rence  of l a r v a e  of 
t h e  d i f f e r e n t  t a x a  f u r t h e r  i n d i c a t e s  l i t t l e  i n t e r s p e c i f i c  v a r i a t i o n .  Such 
r e s u l t s  sugges t  t h a t  hydropsychids a s  a group have s i m i l a r  f low 
requ i rements .  Due t o  t h e  h igh  degree  of i n t r a s p e c i f i c  ove r l ap  
t h a t  e x i s t s  one would expect  i n t e r  and i n t r a s p e c i f i c  compet i t ion  t o  be  
i n t e n s e  when such m i c r o h a b i t a t s  a r e  l i m i t i n g .  Cudney and Wallace (1980) 
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p o s t u l a t e d  t h e  e x i s t e n c e  of such a l i m i t e d  r e sou rce .  I n t e n s e  compet i t ion  
cou ld ,  however, be avoided i f  s p e c i e s  were t o  p a r t i t i o n  m i c r o h a b i t a t s  on 
t h e  b a s i s  of c u r r e n t  v e l o c i t i e s .  
7.6 MICROHABITAT CURRENT VELOCITY STUDY 
Th i s  s t udy  w a s  conducted t o  de te rmine  t h e  m i c r o h a b i t a t  c u r r e n t  
v e l o c i t i e s  t o  which t h e  f o u r  hydropsychid t axa  of i n t e r e s t  were exposed. 
Th i s  s t udy  i n  p a r t i c u l a r ,  may prov ide  t h e  most a c c u r a t e  and new in format ion  
on t h e  ins t ream f low requ i rements  of a q u a t i c  i n s e c t s  y e t  r e p o r t e d  i n  t h e  
l i t e r a t u r e  due t o  t h e  u s e  of t he  p r ev ious ly  descr ibed  t he rmi s to r  probe and 
measuring techn ique .  I t ,  t h e r e f o r e ,  should n o t  be s u r p r i s i n g  t h a t  some of 
t h e  fo l lowing  in format ion  a r e  s u b s t a n t i a l l y  d i f f e r e n t  t han  t h a t  p r ev ious ly  
r epo r t ed  i n  t h e  l i t e r a t u r e .  
Th i s  i s  no t  t o  say t h a t  p rev ious  workers were wrong and we a r e  r i g h t ;  
bu t  r a t h e r .  t h e  fo l lowing  r e s u l t s  r e f l e c t  t e chno log i ca l  advancements and 
a p p l i c a t i o n  i n  t h e  a r e a  of a q u a t i c  i n s e c t  m ic rohab i t a t  d e s c r i p t i o n  and 
r e s e a r c h .  These p o i n t s  w i l l  h o p e f u l l y  become c l e a r e r  w i th  t h i s  and l a t e r  
s e c t i o n s  where t h e  a r t i f i c i a l  s u b s t r a t e s  were smoothed and h o l e s  d r i l l e d  
i n t o  t h e  f a c e s  t o  p rov ide  a r e f u g e  from t h e  f low.  
I t  i s  impor tan t  t o  n o t e  t h a t  t h e  fo l lowing  r e s u l t s  i n c l u d e  only l a r v a e  
c o l l e c t e d  w i t h i n  t h e  s u b s t r a t e  notches  and n o t  on t h e  f a c e s .  While a few 
l a r v a e  were c o l l e c t e d  from t h e  s u b s t r a t e  f a c e s ,  where c u r r e n t  v e l o c i t i e s  
were s u b s t a n t i a l l y  h ighe r ,  a l l  of t h e s e  l a r v a e  were a s s o c i a t e d  w i th  an  
impe r f ec t i on  i n  t h e  s u b s t r a t e  s u r f a c e .  The c a l c u l a t e d  mic rohab i t a t  c u r r e n t  
v e l o c i t i e s  on t h e  s u b s t r a t e  f a c e s  where l a r v a e  were l o c a t e d  a r e  r e p o r t e d  i n  
Tab le  7-1. These d a t a  and t h e i r  v a l u e  w i l l  be  d i s cus sed  l a t e r  w i t h  regard  
t o  t h e  s u b s t r a t e  h o l e  exper iment ,  The fo l lowing  r e s u l t s  a r e  concerned w i t h  
on ly  t hose  l a r v a e  c o l l e c t e d  w i t h i n  t h e  s u b s t r a t e  no tches .  
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7.6.1  R e s u l t s  and Discuss ion  
The micr o h a b i t a t  c u r r e n t  v e l o c i t i e s  t o  which f o u r  s p e c i e s  of 
hydropsychids were exposed (2. b r o n t a ,  - S .  c h e i l o n i s ,  - S.  sparna ,  and 
H. b e t t e n i )  were examined and t h e  r e s u l t s  p r e sen t ed  i n  F ig s .  7-3 and 7-4. 
- 
These d a t a  i n d i c a t e  t h a t  some i n d i v i d u a l s  of a l l  f o u r  t a x a  i n h a b i t e d  a r e a s  of 
t h e  s u b s t r a t e  where mic rohab i t a t  c u r r e n t  v e l o c i t i e s  were  l e s s  t h a n  1 cm/sec. 
S .  s pa rna  and H.  b e t t e n i  were found t o  i n h a b i t  t h e  h i g h e s t  curve  v e l o c i t y  of 
- 
1 5  cm/sec. The maximum c u r r e n t  v e l o c i t i e s  a t  which - S .  b r o n t a  and 
S .  c h e i l o n i s  were recorded were 1 0  and 11 cm/sec, r e s p e c t i v e l y  (F ig .  7-3). 
- 
Wallace e t  a l .  (1977) have p r ev ious ly  r epo r t ed  t h e  r ange  of 
wate r  v e l o c i t i e s  i n  t h e  v i c i n i t y  of hydropsychid c a p t u r e  n e t s  f o r  s i x  
d i f f e r e n t  t axa .  Unfo r tuna t e ly  on ly  one of t h e s e  t a x a ,  - S.  ( fo rmer ly  
Hydropsyche) spa rna ,  ove r l ap  w i th  t hose  i n  t h e  p r e s e n t  s t udy .  These 
a u t h o r s  r e p o r t e d  c u r r e n t  v e l o c i t i e s  (based upon 1 2  measurements i n  t h e  
T a l l u l a h  River )  i n  t h e  v i c i n i t y  of - S. spa rna  f i l t e r i n g  n e t s  from 28-103 cm/ 
set, s u b s t a n t i a l l y  h ighe r  than  t h e  v a l u e s  r e p o r t e d  i n  t h i s  s t udy .  The 
d i f f e r e n c e s  between Wal lace ' s  e t  a l .  r e s u l t s  and t h i s  s t udy  may b e  a t t r i b u t e d  
t o  t h e  f a c t  t h a t  c u r r e n t  v e l o c i t i e s  were measured i n  t h e  v i c i n i t y  of t h e  
c a p t u r e  n e t s  of t h e  l a r v a e  i n  t h e  former s t u d y  w h i l e  our c a l c u l a t e d  r e s u l t s  
a r e  based upon equa t i ons  genera ted  f o r  a r e a s  much n e a r e r  t o  t h e  s u b s t r a t e  
s u r f a c e  (0 .9  rnm) i n  t h e  a r e a s  where l a r v a e  i n h a b i t .  It i s  i n t e r e s t i n g  t o  
n o t e  t h e  s i m i l a r i t y  between Wal lace ' s  e t  a l .  r e s u l t s  f o r  - S.  sparna  and 
t hose  r e p o r t e d  i n  Table  7-1 ( t h e s e  w i l l  b e  d i scussed  i n  a l a t e r  s e c t i o n ) .  
The d a t a  i n  F igu re s  7-3 and 7-4 i n d i c a t e  a  s u b s t a n t i a l  degree  
of ove r l ap  i n  t h e  r ange  of m ic rohab i t a t  c u r r e n t  v e l o c i t i e s  between t h e  
fou r  t axa .  Th is  i s  r e f l e c t e d  i n  t h e  c a l c u l a t e d  r e s o u r c e  u t i l i z a t i o n  i n d i c e s  
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Fig.  7-4. D i s t r i b u t i o n  of H .  b e t t e n i  and S .  sparna  
wi th in  s u b s t r a t e n o t c h e s  wi th  r e s p e c t  t o  
ca l cu la t ed  microhabi ta t  c u r r e n t  v e l o c i t i e s  
and i n s t a r  d i s t r i b u t i o n .  
(Table 7-2) f o r  t h e  s i x  pos s ib l e  t axa  p a i r  combinations.  These va lues  
ranged from a  minimum over lap  of 0.64 f o r  - S. b ron ta  and - H.  b e t t e n i ,  t o  
a  maximum of 0.76 f o r  - S. c h e i l o n i s  and - S. sparna (Table 7-2). 
An over lap  of 0.7 o r  g r e a t e r  a long any r e sou rce  a x i s  ha s  
been used a s  a  cu to f f  t o  i n d i c a t e  s i g n i f i c a n t  compet i t ive  i n t e r a c t i o n s  
i f  t he  r e sou rce  becomes l i m i t i n g .  Accepting t h e  0.7 va lue ,  one could 
expec t  t o  s e e  s i g n i f i c a n t  compet i t ion between 2. sparna  and t h e  o t h e r  
t h r e e  hydropsychid t a x a  and between - H .  b e t t e n i  and - S . c h e i l o n i s  
(Table 7-2) i f  h a b i t a t s  wi th  app rop r i a t e  microcur ren t  v e l o c i t i e s  t o  
become l i m i t e d .  
Despi te  t he  high degree of eco log ica l  over lap  (>0.7)  between 
taxa  microcur ren t  v e l o c i t y  d i s t r i b u t i o n s  (Table 7-2), s t a t i s t i c a l l y  s i g -  
n i f i c a n t  d i f f e r e n c e s  were found between a l l  of t h e  t axa  d i s t r i b u t i o n s  when 
analyzed using t h e  Kolmolgorov-Smirnov two sample test  (Table  7-3). 
A s  p rev ious ly  mentioned ( s e c t i o n  7 .3) ,  t h e  two s tudy  s i t e s  
(A and B) were dominated by d i f f e r e n t  Symphitopsyche taxa:  - S. c h e i l o n i s  
and - S. b ron ta  dominated s i t e  A ,  whi le  - S.  sparna  was numerical ly  dominant 
a t  s i t e  B.  
- H .  b e t t e n i  occurred i n  v i r t u a l l y  equa l  abundances and was 
subdominant a t  both s i t e s .  Examination of t he  frequency d i s t r i b u t i o n s  of 
t he  fou r  t axa  (F igs .  7-3 and 7-4) sugges t s  t h a t  t h e  aforementioned s t a t -  
i s t i c a l  d i s t r i b u t i o n  d i f f e r e n c e s  can  be  a t t r i b u t e d  t o  s p e c i a l i z a t i o n  wi th in  
a  l i m i t e d  range of c u r r e n t  v e l o c i t i e s .  Both - S. c h e i l o n i s  and - S. b ron ta ,  
t h e  two most morphological ly  s i m i l a r  t axa ,  were found i n  mic rohab i t a t s  wi th  
average v e l o c i t i e s  less than  11 cm/sec. Within t h i s  l i m i t e d  range ( i . e . ,  
0-11 cm/sec) approximately 57% of t h e  - S. b r o n t a  occurred i n  r eg ions  wi th  
mic rohab i t a t  v e l o c i t i e s  of 2-4 cm/sec. Approximately 45% of t h e  - S. c h e i l o n i s  
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l a r v a e  were c o l l e c t e d  i n  a r e a s  w i t h  m i c r o h a b i t a t  v e l o c i t i e s  of 5-7 cm/sec. 
These d a t a  appear  t o  i n d i c a t e  a degree  of m i c r o c u r r e n t  v e l o c i t y  s p e c i a l -  
i z a t i o n  between t h e s e  two morpholog ica l ly  similar t a x a  t h a t  cou ld  account  
f o r  t h e i r  c o - e x i s t e n c e  a t  s i t e  A. Whether such  minimal m i c r o h a b i t a t  
s p e c i a l i z a t i o n  d i f f e r e n c e s  could  b e  a l t e r e d  by human a c t i v i t y  t o  t h e  
e x t e n t  of e l i m i n a t i n g  one of t h e  two c a t e g o r i e s  ( i . e . ,  2-4 o r  5-7 cm/sec) 
and n o t  t h e  o t h e r  and t h u s  r e s t r i c t i n g  t h e  d i s t r i b u t i o n  o f  one t a x a  and 
n o t  t h e  o t h e r  is  q u e s t i o n a b l e .  
Both - H .  b e t t e n i  and S .  s p a r n a  were found i n  a r e a s  w i t h  micro- 
- - 
h a b i t a t  v e l o c i t i e s  as h i g h  as 1 5  cm/sec ( F i g .  7-4).  These two t a x a  a l s o  
had a much more even d i s t r i b u t i o n  when compared wi th  t h e  d i s t r i b u t i o n s  of 
S. c h e i l o n i s  and S .  b r o n t a ,  i n  c o n j u n c t i o n  w i t h  i t s  f a s t e r  c o l o n i z i n g  
- - 
h a b i t s  cor responds  w i t h  i t s  more g e n e r a l  d i s t r i b u t i o n  between t h e  two 
s i t e s .  A d d i t i o n a l l y ,  - H .  b e t t e n i  i s  10-15% l a r g e r  w i t h i n  each  i n d i v i d u a l  
i n s t a r  t h a n  t h e  t h r e e  Symphitopsyche t a x a .  Assuming t h a t  f i l t e r i n g  n e t  
mesh s i z e  i s  a d i r e c t  f u n c t i o n  of l a r v a l  head c a p s u l e  s i z e  one  could  
expec t  s u b t l e  d i f f e r e n c e s  i n  food r e s o u r c e  o v e r l a p  between H. b e t t e n i  
and t h e  t h r e e  Symphitopsyche t axa .  T h i s  i s  p r e s e n t l y  s p e c u l a t i v e  b u t  
f o l l o w s  f i n d i n g s  o f  Wal lace  (1979).  
The d i f f e r e n c e s  i n  Symphitopsyche s p e c i e s  dominance between 
t h e  two s i t e s  may, i n  p a r t ,  b e  r e l a t e d  t o  t h e  d i s t r i b u t i o n  of m i c r o h a b i t a t  
t y p e s  w i t h i n  t h e  two s t ream r e a c h e s  as t h e  m a j o r i t y  o f  - S.  c h e i l o n i s  and 
S. b r o n t a  were found i n  t h e  2-7 cm/sec r a n g e  ( F i g .  7-3 and 7-4).  D i f f e r -  
- 
ences  i n  r i p a r i a n  v e g e t a t i o n  and g e n e r a l  topography between t h e  two s i t e s  
l i k e l y  c o n t r i b u t e  t o  t h e  d i s j u n c t i o n  i n  t h e  l o n g i t u d i n a l  d i s t r i b u t i o n  of 
t h e  Symphitopsyche t a x a  i n  J o r d a n  Creek as w e l l .  These d i f f e r e n c e s  could 
a l s o  a f f e c t  o t h e r  s t ream c h a r a c t e r i s t i c s  such as tempera tu re  which may 
account  f o r  t h e  dominance of 2. sparna  a t  s i t e  B where a  well-developed 
canopy could lower s t ream temperatures .  
Besides  i n t e r s p e c i f i c  i n t e r a c t i o n s  and seg rega t ions ,  i n t r a spe -  
c i f i c  p a r t i t i o n i n g  and instream f low requirements  may a l s o  be important  t o  
the  success  o r  f a i l u r e  of a  s p e c i e s  popula t ion  wi th in  a  system. The d i s t r i -  
bu t ion  of t h r e e  l a r v a l  i n s t a r s  w i th in  each of t h e  fou r  s p e c i e s  wi th  r ega rds  t o  
c a l c u l a t e d  mic rohab i t a t  v e l o c i t i e s  a r e  a l s o  repor ted  i n  F igs .  7-3 and 7-4. The 
111 i n s t a r  d a t a  should be viewed wi th  cau t ion ,  due t o  t he  l i m i t e d  sample s i z e s .  
These r e s u l t s  do ,  however, provide in format ion  on gene ra l  mic rohab i t a t  and 
f low preferences  i n  s p e c i e s  l i f e  h i s t o r y  requirements .  
Nets a l l ow  f i l t e r  f e e d e r s  t o  e x p l o i t  food m a t e r i a l s  which a r e  
produced i n  many d i v e r s e  h a b i t a t s  and made a v a i l a b l e  t o  t he  l a r v a e  by t h e  
c u r r e n t  (Wallace, 1979). The s i z e s  of T r i chop te ra  f i l t e r  n e t  meshes and 
t h e i r  e co log ica l  importance have been t h e  s u b j e c t  of numerous i n v e s t i g a t o r s  
( e .g . ,  Schumacher, 1970; Wallace and Malas, 1975; Wallace e t  a l . ,  1977) .  
Wallace (1979) repor ted  both s i g n i f i c a n t  i n t e r  and i n t r a s p e c i f i c  d i f f e r -  
ences i n  t h e  mesh s i z e s  of numerous hydropsychid t axa .  E a r l i e r ,  Wallace 
e t  a l .  (1977) r epo r t ed  a  mean cap tu re  n e t  mesh opening f o r  -. S. -- sparna t o  be  
110 x 160 v m  i n  t h e  I V  i n s t a r  and 180 x 270 v m  i n  t h e  V i n s t a r .  I n  a  l a t e r  
i n v e s t i g a t i o n ,  Georgian and Wallace (1981) r epo r t ed  the  fol lowing mean mesh 
openings f o r  2. sparna  wi th  r ega rds  t o  i n s t a r s :  1-39.3 vm;  11-47.1 pm; 
111-87.3 pm; IV-141.1 v m ;  and V-232.1 urn. Such a  c o r r e l a t i o n  between i n s t a r s  
and n e t  mesh s i z e  was repor ted  i n  a l l  t axa  examined. Georgian and Wallace 
(1981) a l s o  c a l c u l a t e d  t he  volume of water  f i l t e r e d  through the  n e t s  per  
day and a s  would be  expected, t he  l a t t e r  va lues  were found t o  be d i r e c t l y  
r e l a t e d  t o  mesh opening a s  l a r g e r  meshes would permit  a  g r e a t e r  volume of 
water  t o  pass through. 
The importance o f  mesh s i z e  t o  t r o p h i c  r e l a t i o n s  and p a r t i -  
t i o n i n g  between and w i t h i n  hydropsychid t a x a  h a s  been t h e  s u b j e c t  o f  
numerous i n v e s t i g a t i o n s .  N e t  mesh s i z e  and t h e  f e e d i n g  mechanism t h a t  
hydropsychids  have evolved i s  a l s o  l i k e l y  t o  have a n  e f f e c t  on m i c r o h a b i t a t  
d i s t r i b u t i o n  of l a r v a e  s i n c e  it would be  u n l i k e l y  t h a t  l a r v a e  w i t h  s m a l l  
meshed n e t s  would be  a b l e  t o  w i t h s t a n d  t h e  f o r c e  (due t o  back p r e s s u r e )  of 
h i g h e r  c u r r e n t  v e l o c i t i e s .  Such a h y p o t h e s i s  a p p e a r s  t o  be  g e n e r a l l y  t r u e  
based upon t h e  i n s t a r  d i s t r i b u t i o n  of t h e  f o u r  Hydropsychid t a x a  i n  t h i s  
s t u d y  ( F i g s .  7-3 and 7-4). 
I n  a l l  t a x a ,  t h e  h i g h e r  c u r r e n t  v e l o c i t y  ( r e l a t i v e  term t o  
each t a x a )  c a t e g o r i e s  con ta ined  o n l y  4 t h  o r  5 t h  i n s t a r  l a r v a e  ( F i g s .  7-3 
and 7-4). F u r t h e r ,  4 t h  i n s t a r  l a r v a e  o c c u r r e d  a t  h i g h e r  c u r r e n t  v e l o c i t i e s  
t h a n  t h e  maximum c a t e g o r y  i n  which t h i r d  i n s t a r  l a r v a e  were  c o l l e c t e d .  A l l  
f i f t h  i n s t a r  Symphitopsyche t a x a  were  c o l l e c t e d  from r e g i o n s  w i t h  micro- 
h a b i t a t  c u r r e n t  v e l o c i t i e s  less t h a n  1 cm/sec. F i f t h  i n s t a r  - H.  b e t t e n i  
were found i n  m i c r o h a b i t a t  c u r r e n t  v e l o c i t i e s  down t o  1 cm/sec. Thus, 
t h e s e  d a t a  s u g g e s t  t h a t  t h e  m i c r o h a b i t a t  d i s t r i b u t i o n  o f  hydropsychids  
is  l i m i t e d  more by h i g h  c u r r e n t  v e l o c i t i e s  t h a n  low and t h a t  i n s t a r s  do 
appear  t o  b e  p a r t i t i o n i n g  m i c r o h a b i t a t s .  
7.7 SIPIULID (S1MULIDAE:DIPTERA) CURRENT VELOCITY REQUIREMENTS 
The ecology of S imul idae(b1ack  f l i e s )  have been i n v e s t i g a t e d  by s e v e r a l  
r e s e a r c h e r s  ( e . g . ,  Merritt e t  a l . ,  1978) .  S imul ids  a r e  bowling p i n  shaped 
l a r v a e  normal ly  found i n  f lowing water on s t o n e s ,  v e g e t a t i o n ,  o r  o t h e r  
o b j e c t s  (Webb and Brigham, 1982) .  L ike  hydropsychids ,  s i m u l i d s  a r e  f i l t e r  
f e e d e r s ,  b u t  employ a d i f f e r e n t  f i l t e r i n g  mechanism. S imul ids  p o s s e s s  a 
p a i r  of f a n - l i k e  c e p h a l i c  appendages l o c a t e d  on  t h e  a n t e r i o r  p o r t i o n  of 
t h e i r  head by which t h e y  f i l t e r  food p a r t i c l e s  from t h e  w a t e r  column. 
Anderson and Dick ie  (1960) r e p o r t e d  few s i m u l i d s  i n  w a t e r s  w i t h  l a r g e  
amounts of suspended s o i l  p a r t i c l e s  and p o s t u l a t e d  t h a t  such m a t e r i a l s  
c logged b o t h  t h e i r  f i l t e r i n g  f a n s  and d i g e s t i v e  t r a c t s .  While  a g r e a t  
d e a l  i s  known taxonomical ly  about  s i m u l i d s  due  t o  t h e i r  importance as a 
human p e s t ,  l i t t l e  i s  known of t h e  e x a c t  m i c r o h a b i t a t  p r e f e r e n c e s  o r  
i n s t r e a m  f low requ i rements  of t h i s  t a x a .  
7 .7 .1  Purpose  
This  s t u d y  was under taken  t o  p r o v i d e  p r e l i m i n a r y  i n f o r m a t i o n  
o n  t h e  ins t ream f l o w  m i c r o h a b i t a t  r equ i rements  of s i m u l i d s  i n  J o r d a n  Creek,  
I l l i n o i s .  Such a  s t u d y  was f e l t  impor tan t  due t o  t h e  commonly r e p o r t e d  
o c c u r r e n c e  of s i m u l i d s  i n  o n l y  " s w i f t "  m i c r o h a b i t a t s .  
7.7.2 Methods 
Methods and p rocedures  f o l l o w  those  d e s c r i b e d  i n  t h e  T r i c h o p t e r a  
s e c t i o n  of t h i s  r e p o r t  us ing  c o n c r e t e  a r t i f i c i a l  s u b s t r a t e s .  
7 . 7 . 3  R e s u l t s  and D i s c u s s i o n  
While conduct ing t h e  s t u d y  i t  was a p p a r e n t  t h a t  t h e  s i m u l i d  
l a r v a e  co lon ized  a d i f f e r e n t  p o r t i o n  o f  t h e  s u b s c r a t e s  t h a n  d i d  t h e  
hydropsychid l a r v a e .  I n s t e a d  of i n h a b i t i n g  t h e  no tches  of t h e  s u b s t r a t e  
l i k e  t h e  hydropsych ids ,  t h e  s i m u l i d s  were r e s t r i c t e d  t o  t h e  upper f a c e s .  
Th i s  r e f l e c t s  f i l t e r  f e e d i n g  i n  a n  area d i r e c t l y  exposed t o  s t r e a m  f low 
r a t h e r  t h a n  a r e a s  predominated by a v o r t e x .  
The r e s u l t s  of t h e  a c t u a l  p o i n t  v e l o c i t y  c a l c u l a t i o n s  f o r  t h e  
s i m u l i d s  are r e p o r t e d  i n  F i g .  7-5. These r e s u l t s  a r e  based on o n l y  a few 
number of l a r v a l  o c c u r r e n c e s  due  t o  t h e  f a c t  t h a t  t h e  l a r v a e  appeared t o  
emerge e a r l y  i n  t h e  s t u d y  t h u s  l i m i t i n g  sampling.  It i s  a l s o  impor tan t  t o  
n o t e  t h a t  s imul id  l a r v a e  d i s p l a y  a p r o p e n s i t y  t o  d r i f t  and a r e  v e r y  e a r l y  
Fig.  7-5. D i s t r i b u t i o n  of Simulium sp.  on t h e  a r t i f i c i a l  
conc re t e  s u b s t r a t e s  i n  Jordan  Creek, Vermilion 
County, I l l i n o i s .  
s u b s t r a t e  co lon ize r s  (Osborne, pe r .  obse rva t ions ) .  Thus, t h e  meaningfulness 
of t h e s e  r e s u l t s  i s  l i m i t e d  without  d i u r n a l  s t u d i e s  dur ing  per iods  of peak 
of peak ins t ream abundance. These r e s u l t s  do i n d i c a t e ,  however, t h a t  
Simulium sp .  i n h a b i t s  ( a t  l e a s t  temporar i ly)  a r e a s  of s u b s t r a t e  wi th  c u r r e n t  
v e l o c i t i e s  s i m i l a r  t o  those  of t he  hydropsychid l a rvae .  Our va lues  ranged 
from l e s s  than 1 cm/sec t o  15 cm/sec. This  is  somewhat s u r p r i s i n g  g iven  the  
f a c t  t h a t  microhabi ta t  reg ions  wi th  v e l o c i t i e s  up t o  1 .0  m/sec were repor ted  
on some s u b s t r a t e s  when s imul ids  were p re sen t .  Whether s imulids  can i n h a b i t  
t h e s e  reg ions  f o r  s h o r t  o r  long per iods  i s  n o t  y e t  known but  should be 
examined i n  t h e  f u t u r e .  It i s  a l s o  p o s s i b l e  t h a t  attachment of s imulids  
change hydrau l i c  condi t ions  enhancing f u r t h e r  co lon iza t ion .  
7.8 SUBSTRATE HOLE EXPERIMENT 
A s  mentioned e a r l i e r  ( s e c t i o n  7 . 6 ) ,  some hydropsychids were p e r i o d i c a l l y  
found on the  f aces  of t he  a r t i f i c i a l  s u b s t r a t e s  where mic rohab i t a t  c u r r e n t  
v e l o c i t i e s  were s u b s t a n t i a l l y  h igher  than i n  t h e  notches.  I n  f a c t ,  micro- 
h a b i t a t  v e l o c i t i e s  on the  upper reg ions  of t he  f a c e  were a t  t imes h igher  
than t h e  mean column v e l o c i t i e s  (approximately 5-10% h i g h e r ) .  Upon c l o s e  
examination, a l l  l a r v a e  and r e t r e a t s  c o l l e c t e d  from t h e  s u b s t r a t e  f a c e s  
were a s soc i a t ed  wi th  imperfec t ions  i n  t h e  s u b s t r a t e  ( e . g . ,  c racks  o r  
dep re s s ions ) .  D r .  J .  B .  Wallace (pe r .  comm,) has  a l s o  found hydropsychids 
on t h e  f a c e  of appa ren t ly  smooth rock o u t  croppings where t h e  mean column 
v e l o c i t i e s  were a s  high a s  2 m/sec bu t  c l o s e r  examination of t h e  s i t e s  
revea led  depress ions  which pro tec ted  t h e  hydropsychid l a r v a e .  
Based upon the  r e s u l t s  of our previous mic rohab i t a t  c u r r e n t  v e l o c i t y  
s t u d i e s  ( s e c t i o n  7 .6) ,  i t  was f e l t  t h a t  e x i s t e n c e  of hydropsychid l a r v a e  
on 'smooth' f a c e s  i n  such h igh  c u r r e n t  v e l o c i t i e s  would be  u n l i k e l y .  The 
apparent  a s s o c i a t i o n  of t he  l a r v a e  wi th  imperfec t ions  i n  our a r t i f i c i a l  
s u b s t r a t e s  would f u r t h e r  i n d i c a t e  t h a t  t h e  t e x t u r e  o r  con tour  o f  t h e  
s u r f a c e  would be  impor tan t  i n  d i c t a t i n g  t h e  d i s t r i b u t i o n  of  l a r v a e .  It 
was hypothesized t h a t  s l i g h t  dep re s s ions  i n  t h e  s u b s t r a t e  would p rov ide  
a  r e f u g e  f o r  t h e  l a r v a e  w i t h i n  t h e  con f ine s  of t h e  boundary l a y e r  and 
o u t s i d e  of t h e  ve ry  f a s t  c u r r e n t .  To determine i f  t h i s  were  t h e  c a s e ,  
o r  a l t e r n a t i v e l y :  i f  Jo rdan  Creek Hydropsychid t axa  could i n h a b i t  sub- 
s t r a t e  r eg ions  of ve ry  high (>30 cmlsec) m i c r o h a b i t s t  c u r r e n t  c o n d i t i o n s ,  
t h e  fo l lowing  exper iment  was conducted.  
7 .8 .1  Methods 
On J u l y  1 4  and August 4, 1982, seven  a r t i f i c i a l  c o n c r e t e  
s u b s t r a t e s  were placed i n t o  Jordan  Creek as p r ev ious ly  de sc r i bed .  P r i o r  
t o  t h e i r  i n t r o d u c t i o n  i n t o  t h e  s t ream,  a l l  s u b s t r a t e  f a c e s  were made as 
smooth a s  p o s s i b l e  us ing  a  p a s t e  made of g l u e ,  cement, and wa t e r .  Th is  
provided us  w i th  a  method of f i l l i n g  i n  a l l  impe r f ec t i ons  on  t h e  sub- 
s t r a t e  s u r f a c e  and prov id ing  t h e  organisms w i th  a  homogenous s u b s t r a t e  
t e x t u r e .  Three o f  t h e  seven s u b s t r a t e s  were placed d i r e c t l y  i n t o  t h e  
s t ream w h i l e  t h e  remaining f o u r  had s i x  h o l e s  (dep th  118") of two d i f f e r -  
e n t  s i z e s  ( l a r g e  - 114" d iamete r ;  smal l  118" d iamete r )  randomly d r i l l e d  
i n t o  each f a c e .  The d i s t r i b u t i o n  of hydropsychid l a r v a e  on t h e  two 
s u b s t r a t e  t r e a tmen t s  ( i . e . ,  h o l e s  ' v s '  no h o l e s )  were determined a s  
p r ev ious ly  de sc r i bed .  Th i s  exper iment  was d u p l i c a t e d  twice ;  f o r  t h e  
purpose of r e p l i c a t i o n  and t o  de te rmine  t h e  e f f e c t s  of t ime  on d i s t r i b u -  
t i o n  and c o l o n i z a t i o n  of t h e  ho l e s .  Spec i e s  i n d e n t i f i c a t i o n s  were  n o t  
made a l though t h e  two dominant t axa  du r ing  t h e  exper iments  were - S.  b ron t a  
and - S. c h e i l o n i s  w i th  - H.  b e t t e n i  and two Cheumatopsyche s p e c i e s  subdominant 
on t h e  s u b s t r a t e s .  
7.8.2 R e s u l t s  and D i s c u s s i o n  
The c u r r e n t  v e l o c i t i e s  (mean column) and d e p t h  of t h e  w a t e r  
i n  t h e  v i c i n i t y  of each of t h e  s u b s t r a t e s  a t  t h e  beg inn ing  of each  o f  t h e  
two exper iments  are r e p o r t e d  i n  Tab le  7-4. These  v a l u e s  p r o v i d e  a similar 
R* f o r  between t r e a t m e n t  comparisons and t h e  mean column v e l o c i t i e s  were 
s u f f i c i e n t l y  h igh  i n  a l l  c a s e s  t o  be  used i n  t h e  a n a l y s i s .  
On J u l y  1 6 ,  1982, t h e  f i r s t  s e r i e s  of s u b s t r a t e s  were removed 
f o l l o w i n g  a two day exposure  and a t o t a l  of 132 l a r v a e  counted (Table  7-5). 
Comparison of t h e  mean number of l a r v a e  on t h e  two t r e a t m e n t s  i n d i c a t e d  
t h a t  a s u b s t a n t i a l l y  h i g h e r  mean number o f  l a r v a e  occur red  on t h e  s u b s t r a t e s  
w i t h  h o l e s  t h a n  t h o s e  w i t h o u t  (Tab le  7-5). T h i s  s u g g e s t s  t h a t  i n c r e a s i n g  
s u b s t r a t e  m i c r o h a b i t a t  a v a i l a b l e  i n c r e a s e s  t h e  abundance of l a r v a e  and t h a t  
t e x t u r e  and c o n t o u r  a r e  l i k e l y  t o  be impor tan t  i n  t h e  d i s t r i b u t i o n  of 
hydropsychids .  S i m i l a r  r e s u l t s  were  r e p o r t e d  i n  t h e  August exper iment  
w i t h  t h e  no h o l e  t r e a t m e n t  having a n  average  of 22.0 l a r v a e  w h i l e  s u b s t r a t e s  
w i t h  h o l e s  had a n  average  of 35.0 l a r v a e  (Tab le  7-6). 
A t  no t ime were l a r v a e  c o l l e c t e d  from t h e  f a c e s  of t h e  c o n t r o l  
t r e a t m e n t s  ( i . e . ,  wi thou t  h o l e s )  (Tab les  7-5 and 7-6). T h i s  f u r t h e r  
s u g g e s t s  t h a t  t h e  h i g h e r  number of i n d i v i d u a l s  on t h e  h o l e  t r e a t m e n t  was 
due i n  f a c t  t o  t h e  p resence  of t h e  h o l e s .  These d a t a  f u r t h e r  s u g g e s t  t h a t  
hydropsychids  a r e  unab le  t o  i n h a b i t  smooth f a c e s  where mean c u r r e n t  v e l o c i -  
t ies a r e  g r e a t e r  t h a n  .30 m/sec.  It a p p e a r s  t h a t  t h e  h o l e s  p r o v i d e  a 
r e f u g e  f o r  t h e  organisms o u t  of t h e  s t r o n g e r  c u r r e n t  and permi t  them t o  
e x i s t  w i t h i n  t h e  c o n f i n e s  o f  t h e  boundary l a y e r .  
Tab le  7-4. The s u b s t r a t e  column v e l o c i t y  and water  dep th  i n  t h e  v i c i n i t y  of  
each o f  t h e  a r t i f i c i a l  s u b s t r a t e s  employed i n  t h e  J u l y  14 and 
August  4, 1982 exper iments .  S u b s t r a t e s  f o l l o w e d  by  an H 
i n d i c a t e  those  w i t h  h o l e s  i n  t h e  face. 
J u l y  14 
S u b s t r a t e  
S u b s t r a t e  Column V e l o c i t y  (rnlsec) Depth (cm) 
August  4  
S u b s t r a t e  
S u b s t r a t e  Col urnn Vel o c i  t y  ( rn lsec) Depth ( c r )  
l a b l e  7-5. T o t a l  number o f  l a r v a e  c o l l e c t e d  on t h e  J u l y  14, 1982 s u b s t r a t e s  
and t o t a l s  f o r  each no tch  and f a c e  (B=1/4" ho le ;  S=1/8" h o l e ) .  
Subs t ra tes  c o l l e c t e d  on J u l y  16, 1982. 
Number o f  Larvae 
S u b s t r a t e  Notch 1  Notch 2  Notch 3  Face W Face X Face Y Face Z 
6  4  6  6  0  0  0  0  
- 
- 
X No. l a r v a e  on s u b s t r a t e s  w/o ho les  = 16.3 
S u b s t r a t e  Notch 1 Notch 2  Notch 3  Face W Face X Face Y Face Z 
S B  S B  S B  S B 
3  H 3  5  5  1 3  1 1  0  0  0  2  
4H 4  8  4  0  0  0  0  0  1  1 1  
5  H 4  7  10 1 0  1 2  0  0  2  !I 
8H 2  2  3  2  3  0  1  0  0  0  2  
- 
X No. o f  l a r v a e  on s u b s t r a t e s  w i t h  ho les  = 20.8 
Percent  o f  ho les  c o l o n i z e s  = 26% 
Table 7-6. T o t a l  number o f  l a r v a e  c o l l e c t e d  on t h e  August 4, 1982 subs t ra tes  
and t h e  t o t a l s  f o r  each notch and face. (B=1/4" hole;  S=1/8" ho le ) .  
Subs t ra tes  c o l l e c t e d  on August 17, 1982. 
Number o f  Larvae 
Subs t ra te  Notch 1  Notch 2  Notch 3  Face W Face X Face Y Face Z 
5  4 8  9  0  0  0 0  
6 7  8  7  0  0  0  0  
7  7  9  7  0  0  0  0  
- 
- 
X No. o f  l a r v a e  on subs t ra tes  w/o ho les  = 22.0 
Subs t ra te  Notch 1  Notch 2  Notch 3 Face W Face X Face Y Face Z 
S B S  B S  B  S B  
1  H 10 10 7 3  3  2  2  2  3  3  3  
2H 9 10 9  2  3  2  2  3  2  2  0  
3H 7 6 5  1 1  1 2  3  3  2  3  
4  H 2  2  4  0  1  1 1  1 2  0  0  
- 
X No. o f  l a r v a e  on subs t ra tes  w i t h  ho les  = 35.0 
Percent o f  ho l es  co l on i zed  = 61% 
Comparison of t h e  J u l y  and August exper iments  f u r t h e r  i n d i c a t e  
a  d i f f e r e n c e  i n  t h e  amount of a r t i f i c i a l  r e fuges  colonized a s  61% were 
colonized a t  t h e  end of two weeks and only 26% were colonized a f t e r  two 
days.  
The r e s u l t s  of t h i s  s tudy  confirm our i n i t i a l  obse rva t i ons  
t h a t  hydropsychids r e q u i r e  a t  l e a s t  a  p i t  o r  dep re s s ion  i n  t h e  s u b s t r a t e  
s u r f a c e  when o r i e n t e d  i n  a  manner t h a t  i t  rece ived  t h e  f u l l  f o r c e  of t h e  
c u r r e n t .  The dep re s s ion  e v i d e n t l y  provides  a  r e f u g e  w i t h i n  t h e  boundary 
l a y e r .  A s  such,  t he  c a l c u l a t e d  mic rohab i t a t  v e l o c i t i e s  f o r  t h e  T r i chop te r a  
l o c a t e d  on t h e  f a c e s  of t h e  s u b s t r a t e s  (Table  7-1) a r e  l i k e l y  ove re s t ima te s  
of t h e  t r u e  mic rohab i t a t  v e l o c i t i e s  and do n o t  r e f l e c t  t h e  t r u e  v e l o c i t i e s .  
8 .  SUBSTRATE PARTICLE SIZE AND THE DISTRIBUTION OF THE 
JORDAN CREEK EPHEMEROPTERA AND TKICHOPTERA 
8 . 1  PURPOSE 
The purpose  o f  t h i s  s t u d y  was t o  add t o  t h a t  body of e x i s t i n g  l i t e r a t u r e  
on t h e  e f f e c t s  of sediment  p a r t i c l e  s i z e  on t h e  d i s t r i b u t i o n  of t h e  a q u a t i c  
i n s e c t  f a u n a  and p rov ide  a  connec t ion  between m i c r o h a b i t a t  c u r r e n t  exper iments  
and commonly used i n s t r e a m  f low needs  a n a l y s e s  methodologies  which i n c o r p o r a t e  
s u b s t r a t e  measurements.  
8 . 2  INTRODUCTION 
The importance of s u b s t r a t e  p a r t i c l e  s i z e  i n  s t r u c t u r i n g  b e n t h i c  
i n v e r t e b r a t e  communities h a s  long been recognized .  Cummins (1964) h a s  a t t r i b -  
u ted  what h a s  become t o  b e  known a s  t h e  " e r o s i o n - d e p o s i t i o n n  concep t  i n  s t r e a m  
ecology t o  Moon (1939) .  To a l a r g e  e x t e n t ,  c u r r e n t  v e l o c i t y  and dep th  w i t h i n  
a  g i v e n  s t r e a m  r e a c h  d i c t a t e  t h e  sediment  composi t ion.  These t h r e e  pa ramete rs  
cannot  b e  e a s i l y  s e p a r a t e d  o r  ranked a s  most impor tan t  t o  l e a s t  impor tan t  i n  
t h e  manner i n  which they i n t e r a c t  t o  p rov ide  a framework t o  a v a i l a b l e  micro- 
h a b i t a t s  f o r  a q u a t i c  organisms.  Aquat ic  i n s e c t  u t i l i z e  t h e s e  microhabi  t a t s  
based upon morphological  a d a p t a t i o n s  and evolved f e e d i n g  mechanisms. Throughout 
t h i s  r e p o r t ,  we have emphasized t h e  importance of m i c r o h a b i t a t  c u r r e n t  v e l o c i t i e s  
i n  t h e  d i s t r i b u t i o n  of hydropsychid c a d d i s f  l i e s .  T h i s  s e c t i o n  d e a l s  w i t h  t h e  
importance of s u b s t r a t e  p a r t i c l e  s i z e  on t h e  d i s t r i b u t i o n  of t h e  mayfly and 
c a d d i s f  l y  t a x a  i n  J o r d a n  Creek, I l l i n o i s .  
8 . 3  METHODS 
E i g h t e e n  s u b s t r a t e  c o n t a i n e r s  (25 cm long x 1 2  cm wide x  6  cm h i g h )  
made from p l a s t i c  g u t t e r  s p o u t i n g  ( F i g u r e  8-1) were  p laced  i n t o  J o r d a n  
Creek a t  b o t h  s t a t i o n  A ( t h e  upstream s t a t i o n )  and s t a t i o n  B ( t h e  lower 
r e a c h ) .  Nylon mesh ( 7  mesh/cm) was glued t o  b o t h  ends  o f  each c o n t a i n e r  
t o  pe rmi t  c u r r e n t  f low through t h e  system. Three  c o n t a i n e r s  ( r e p l i c a t e s )  

f o r  each o f  t h e  s i x  s u b s t r a t e  t r e a tmen t s  were f i l l e d  w i th  s u b s t r a t e  m a t e r i a l s  
p r ev ious ly  c o l l e c t e d  from Jordan  Creek. Th i s  m a t e r i a l  w a s  d r i e d  and r i n s e d  
c l e a n  p r i o r  t o  t h i s  exper iment .  The r ange  of t h e  s u b s t r a t e  p a r t i c l e  s i z e s  
used i n  each of t h e  s i x  t r e a tmen t s  a r e  r e p o r t e d  i n  Tab le  8-1. 
R e p l i c a t e  t r e a tmen t s  were placed i n t o  Jordan Creek a t  s t a t i o n  B on 
October 1 2 ,  1982 and a t  s t a t i o n  A on February 12 ,  1983 by d igg ing  a  depres-  
s i o n  i n t o  t h e  s t r e am bed and p l ac ing  t h e  s u b s t r a t e  c o n t a i n e r s  con t a in ing  
t h e  s u b s t r a t e s  so t h a t  approximately  2  cm of t h e  c o n t a i n e r s  remained above 
t h e  bottom of t h e  s t ream.  The c o n t a i n e r s  were o r i e n t e d  w i t h  t h e  nylon mesh 
pe rpend i cu l a r  t o  t h e  s t ream flow. Current  v e l o c i t y  w i t h i n  each s t udy  a r e a  
were c o l l e c t e d  a t  0.6 t h e  dep th  and t o t a l  wa t e r  dep th  each determined a t  
t h e  beginning and end of each s t udy .  
The s t a t i o n  B s u b s t r a t e s  were c o l l e c t e d  on November 8 ,  1982 by g e n t l y  
l i f t i n g  t h e  c o n t a i n e r s  and wh i l e  s t i l l  under  wate r  p l ac ing  a l a r g e  wh i t e  
enamel pan under  t h e  c o n t a i n e r .  I n  t h e  f i e l d  t h i s  m a t e r i a l  was placed i n t o  
l a b e l e d  Mason j a r s  con t a in ing  70% ETOH. Organisms were s o r t e d  and t h e  
T r i chop t e r a  and Ephemeroptera fauna  i d e n t i f i e d .  The same procedures  were 
employed i n  c o l l e c t i n g  t h e  s t a t i o n  A m a t e r i a l  on March 25, 1982. 
8 .4  RESULTS AND DISCUSSION 
A t o t a l  of 35 c a d d i s f l y  and mayfly t axa  were c o l l e c t e d  du r ing  t h e  
s u b s t r a t e  exper iments ,  which included 20 Ephemeroptera and 15  T r i chop t e r a  
(Table  8-2). The most numer ica l ly  abundant T r i chop t e r a  were: Hel icopsyche 
b o r e a l i s ;  Pycnopsyche g u t t i f e r ;  O c h r o t r i c h i a  (prob.  xena ) ;  Cheumatopsyche 
s p .  (This  t axa  was r ep re sen t ed  by a t  l e a s t  t h r e e  s p e c i e s  a s  determined by 
l i g h t  sampling of a d u l t s ) ;  Symphitopsyche b ron t a ;  - S. c h e i l o n i s ;  and - S.  spa rna .  
The most numer ica l ly  abundant may f l i e s  were  B a e t i s  he rodes ;  - B. i n t e r c a l a r i s ;  
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B. pygmaeus; Caenis sp .  ( thought  t o  con ta in  only one s p e c i e s ) ,  Stenacron 
- 
g i l d e r s l e e v e i ;  Stenonema terminatum; and - S. mediopunctatum. These 14  t a x a  
were employed i n  t he  Schoener 's  r e sou rce  u t i l i z a t i o n  index wi th  s u b s t r a t e  
p a r t i c l e  s i z e  used a s  t h e  resource  ( s ee  s e c t i o n  7 ) .  The r e s u l t s  of t h e s e  
ana lyses  a r e  repor ted  i n  Table 8-4 and 8-5. 
The fewest  mean number of  i nd iv idua l s  occur red  i n  t h e  600 um-4.7 mm 
p a r t i c l e  s i z e  range wi th  only 3.3 i nd iv idua l s  pe r  con ta ine r  (Table 8-3). 
The 26.7-38.1 mm s i zed  p a r t i c l e s  had t h e  h i g h e s t  d e n s i t i e s  of mayf l ies  and 
c a d d i s f l i e s  averaging 60.7individuals/container (Table 8-3). Only 9 t axa  
were found i n  t h e  600 um-4.7 mm t rea tments  (Group VI) whi le  t h e  g r e a t e s t  
s p e c i e s  r i chnes s  occurred i n  t h e  38.7-76.2 mm (Group I )  t rea tment  (Table 8-3). 
I n  gene ra l ,  t axa  r i chnes s  increased  wi th  s u b s t r a t e  p a r t i c l e  s i z e  (Table 8-3). 
These r e s u l t s  i n d i c a t e  t h a t  s u b s t r a t e  p a r t i c l e  s i z e  a f f e c t s  t h e  taxa  
r i chnes s  of t h e  Trichoptera-Ephemeroptera ben th i c  assemblage. S u b s t r a t e  
p a r t i c l e  s i z e  a l s o  a f f e c t e d  t he  mean d e n s i t i e s  of a q u a t i c  i n s e c t s ,  bu t  i n  
a  d i f f e r e n t  manner than occurred wi th  t a x a  r i chnes s .  Very few t a x a  and 
i n d i v i d u a l s  were c o l l e c t e d  i n  t h e  600 um-4.7 mm p a r t i c l e  t rea tment  which 
sugges t s  t h a t  a  d r a s t i c  a l t e r a t i o n  i n  t h e  s t r u c t u r e  and composition of t h e  
b e n t h i c  i n s e c t  community would occur  i f  t he  s u b s t r a t e  composition of t he  
s t ream were t o  change from i t ' s  p re sen t  composition t o  a  more sandy type  
s t r u c t u r e .  
A l t e r a t i o n s  i n  s u b s t r a t e  composition could occur  i n  s e v e r a l  ways 
inc luding  a  reduc t ion  i n  s t ream d i scha rge  due t o  off-s t ream u s e  ( e .g . ,  
i r r i g a t i o n )  or  through e l imina t ion  of the  normal annual  s p r i n g  high-flow 
per iod  i n  temperate r eg ions  such a s  t h e  midwest. A r educ t ion  i n  d i scharge  
would l i k e l y  lower c u r r e n t  v e l o c i t i e s  which would permit smal le r  p a r t i c l e s  
t o  se t t l e  o u t  of suspension on t o  t h e  s t ream bed. E l imina t ion  of t he  h igh  
water  pe r iods  through t h e  cons t ruc t ion  of impoundments could have a  more 
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pronounced e f f e c t  on t h e  system. Sediment normally accumulates w i th in  t h e  
s t ream during low flow per iods  such a s  l a t e  summer through t h e  w in t e r .  
Th i s  sediment is  normally resuspended and t r anspo r t ed  downstream during 
per iods  of increased  d ischarge .  Such n a t u r a l  "cyc l ic"  p a t t e r n s  (on an 
annual  average)  permi ts  t h e  r e s t r u c t u r i n g  and s o r t i n g  of t h e  bed m a t e r i a l  
f o r  another  cyc le .  E l imina t ion  of such high f low per iods  would permit a  
cont inued accumulation of sediments.  Without a  f l u s h i n g  per iod ,  one 
could then  expect  a  corresponding r e d u c t i o n  i n  s p e c i e s  r i c h n e s s ,  and 
poss ib ly ,  t he  development of a  more d e p o s i t i o n a l  type  fauna.  Therefore ,  
management of such systems should inc lude  f l u sh ing  pe r iods  which co inc ide  
with n a t u r a l  high flow per iods  i f  ones purpose is maintenance of e x i s t i n g  
ben th i c  community s t r u c t u r e  and composition. The timing of a r t i f i c i a l l y  
c o n t r o l l e d  high water  per iods  i s  a l s o  important  a s  s t ream organisms have 
g e n e r a l l y  evolved l i f e  h i s t o r y  p a t t e r n s  t o  co inc ide  with such annual cyc l e s  
i n  s t ream d i scha rge .  
The d i s t r i b u t i o n  of t he  14 most numer ica l ly  dominant mayfly and 
c a d d i s f l y  t axa  wi th  r e s p e c t  t o  s u b s t r a t e  p a r t i c l e  s i z e  a r e  d i sp layed  i n  
Figure 8-2. Examining t h e  14 t axa ,  one can perce ive  seven morphological 
c a t e g o r i e s  based upon body s i z e  and shape. These seven c a t e g o r i e s  
(Table 8-6) a r e  no t  simply construed by t h e  i n v e s t i g a t o r s ,  b u t  r e l a t e  t o  
g e n e r a l  taxonomic and evolu t ionary  r e l a t i o n s h i p s  of t he  i n d i v i d u a l  group 
members. For i n s t ance ,  Group I (Table 8-6) a r e  a l l  congeneric ,  whi le  
members of Groups I1 and I11 a r e  a l l  con fami l i a l .  It could b e  expected 
t h a t  members w i t h i n  each of t h e s e  groups would have s i m i l a r  ins t ream f low 
requirements  due t o  s i m i l a r i t i e s  i n  morphology. I n  o t h e r  words, one would 
14 2 
R herodes 
1 -
1 S tenacron g ildersleevei 1 8. pygmaeus - 
SUBSTRATE PART 
0.6 4.7 9.4 13.3 26.7 38.1 76.2 
ICLE SIZE (mm) 
F i g .  8-2. P e r c e n t  of t o t a l  numbers of each t a x a  c o l l e c t i o n  i n  t h e  
p a r t i c l e  s i z e  f o r  t h e  Jo rdan  Creek exper iment .  
143 
Cheumatopsyche sp. H. borealis 
-
S. cheilonis 
-
S. sparna 
- 
F i g .  8-2. Continued 
Pycinopsyche guttifer 
Caenis sp. 
-
SUBSTRATE PARTICLE SIZE (mm) 
F i g .  8 - 2 .  Continued 
Tab le  8-6. Categor ies  o f  t he  14 n u m e r i c a l l y  dominant 
T r i chop te ra  and Ephemeroptera taxa  based on  
morpholog ica l  s i m i l a r i t i e s  used i n  t h i s  s tudy .  
Group I Bae t i s  herodes 
0. i n t e r c a l a r i s  
- 
0. pyg  
- 
maeu s 
Group I 1  Stenacron g i l d e r s l e e v e i  
Stenonema med.iopunctatum 
Stenonema terminatum 
Group I 1 1  Caenis sp. 
Group I V  Cheumatopsyche sp. 
Symphi topsyche b ron ta  
S. c h e i l o n i s  
- 
S. sparna 
- 
Group V He1 i copsvche  borea l  i s 
Group V I  Pycnopsyche g u t t i f e r  
Group V I I I  O c h r o t r i c h i a  (prob.  xena) 
no t  expec t  l a r g e  hydropsychid c a d d i s f l i e s  t o  occur  i n  s i l t  dominated 
sediments .  The above does  no t  p r ec lude  t h e  p o s s i b i l i t y  of m i c r o h a b i t a t  
p a r t i t i o n i n g  by morpholog ica l ly  s i m i l a r  organisms as w a s  s een  i n  t h e  
p rev ious  s t udy ;  r a t h e r ,  t h e  importance of t h e  l e v e l  of a n a l y s i s  becomes 
one  of s c a l e ,  p a r t i c u l a r l y  w i th  r ega rd  t o  e x i s t i n g  methodologies  and 
techn iques  i n  stream modeling and s imu la t i on .  I f  w e  assume t h a t  altera- 
t i o n s  i n  s u b s t r a t e  p a r t i c l e  s i z e  o r  i n  s t ream d i s c h a r g e  occur ,  one would 
more l i k e l y  u t i l i z e  a g e n e r a l  change i n  b e n t h i c  community composi t ion,  
such  as e l i m i n a t i o n  of hep tagene i id  may f l i e s  i n  r e l a t i o n  t o  g e n e r a l  changes 
o r  p r e d i c t i o n s  i n  macrohabi ta t  c o n d i t i o n s  i n  an  ecosystem model. These 
g e n e r a l  r e l a t i o n s h i p s  are more l i k e l y  t o  be of b e n e f i t  i n  e x i s t i n g  i n s t r eam 
f low s i m u l a t i o n s  t han  are s p e c i e s  s p e c i f i c  p r e d i c t i o n s  when one is examining 
a q u a t i c  i n s e c t s  (Bovee, 1982) .  
Although t h e  p receed ing  argument i s  based on s e v e r a l  s imp l i fy ing  
assumptions ,  i t  i s  u s e f u l  when one i s  concerned w i th  c o s t  over runs  and 
l i m i t e d  budge ts .  For t h e s e  r ea sons ,  t h e  r e s u l t s  w i l l  b e  d i s cus sed  from 
both  a g e n e r a l  and s p e c i e s  s p e c i f i c  d i s t r i b u t i o n a l  p e r s p e c t i v e .  The end 
u s e  of t h e s e  d a t a  w i l l d e p e n d o n  t h e  q u e s t i o n s  asked and t h e  p r e c i s i o n  
r e q u i r e d  by t h e  model ler  . 
The s u b s t r a t e  u t i l i z a t i o n  ove r l ap  i n d i c e s  between t h e  seven mayfly 
t axa  ranged from a minimum of 0.50 (B. pygacus x - S .a r e s )  -- t o  a maximum 
0.86 (B. - herodes  x  S tenacron  g i l d e r s l e e v e i  (Tab le  8 -5) ) .  Overlap v a l u e s  
w i t h i n  t h e  f ami ly  Bae t i dae  ranged from 0 .61  t o  0.80 w h i l e  i n  t h e  fami ly  
Heptagen i idae  (Group 11)  i n d i c e s  ranged from 0.73 t o  0.84 (Table  8-5) . 
The low ove r l ap  (0.69) between B .  - herodes  and - B .  i n t e r c a l a r i s  appea r s  
t o  be  t h e  r e s u l t  of t h e  more widespread d i s t r i b u t i o n  of  - B .  i n t e r c a l a r i s  
which w a s  found i n  t h e  s m a l l e s t  experiment t e s t  s u b s t r a t e  range  (0.6-4.7 mm) 
and t h e  s u b s t a n t i a l l y  lower propor t ion  of - B .  i n t e r c a l a r i s  i n  the  26.7- 
38 .1  mm s i z e  c l a s s  compared with - B. herodes. Both of t hese  taxa were 
found t o  co-exis t  both temporari ly  and s p a t i a l l y  i n  Jordan Creek. Due t o  
t he  propensi ty  of t hese  taxa ( i . e . ,  b a e t i i d s  i n  genera l )  t o  d r i f t ,  i t  i s  
d i f f i c u l t  to  determine i f  indeed they a r e  p a r t i t i o n i n g  s u b s t r a t e  p a r t i c l e  
s i z e  from these  da t a .  The r e s u l t s  i n  Table 8-7 do i n d i c a t e  t h a t  b a e t i i d s  
a s  a  group a r e  commonly found on s u b s t r a t e s  wi th  diameters  l a r g e r  than 
4.7 mm. Only - B .  i n t e r c a l a r i s  was found on s u b s t r a t e s  l e s s  than 4.7 mm i n  
diameter .  
The d a t a  i n  F igure  8-2 i n d i c a t e s  t h a t  S .  terminatum i s  u t i l i z i n g  the  
smal le r  s u b s t r a t e  p a r t i c l e s  ( l e s s  than 33.3 mm diameter) t o  a  much l e s s  
e x t e n t  than a r e  e i t h e r  Stenacron g i l d e r s l e e v e i  and - S.  mediopunctatum. The 
over lap  f o r  t hese  t h r e e  taxa is  s t i l l  q u i t e  high r e l a t i v e  t o  one another  
(Table 8-5) which sugges ts  t h a t  a l t e r a t i o n s  i n  s u b s t r a t e  p a r t i c l e  s i z e  
w i th in  the  stream t o  the  ex t en t  t h a t  one taxa i n  Group I1 (Table 8-6) i s  
e l imina ted  would have t h e  e f f e c t  of e l imina t ing  the  e n t i r e  Heptageniid 
component. The h ighes t  over lap  between t h e  Group I1 taxa  (Heptageniids) 
was wi th  the  Hydropsychid c a d d i s f l i e s  (Group IV) (Table 8-8). These d a t a  
suggest  t h a t  on the  b a s i s  of s u b s t r a t e  p a r t i c l e  s i z e s  heptageni id  mayf l ies  
have s i m i l a r  requirements a s  do hydropsychid c a d d i s f l i e s ,  and would 
be expected t o  co-exis t .  Co-existence was indeed the  case  i n  Jordan Creek. 
I t  is  important ,  however, t h a t  even whi le  these  two groups ( i . e . ,  heptageni ids  
and hydropsychids) have ve ry  s i m i l a r  s u b s t r a t e  requirements ,  t h e i r  a c t u a l  
l o c a t i o n  on t h e  s u b s t r a t e s  a r e  q u i t e  d i f f e r e n t  due t o  t h e i r  morphological 
c h a r a c t e r i s t i c s .  Heptageniids a r e  ex t ens ive ly  do r sa l -ven t r a l ly  f l a t t e n e d  
which permits  them t o  e x i s t  on the  f l a t  su r f ace  of t h e  rocks while  
Hydropsychids r e q u i r e  some form of re fuge  such a s  a  p i t  o r  depress ion  i n  
t h e  s u r f a c e  o r  a  flow vor t ex  ( see  previous s e c t i o n ) .  
Table 8-7. Percent  o f  each morpholog ica l  group from 
Table  8-6 and t h e i r  d i s t r i b u t i o n  i n  s i x  
s u b s t r a t e  p a r t i c l e  s i z e  c lasses .  
Subs t ra te  P a r t i c l e  S ize  (mm) 
Morpholog ica l  
Group 
I - Baet idae 0.5 15.6 27.7 15.1 21 .O 20.1 
I 1  - Heptageni idae 1.3  7.8 16.6 15.8 35.6 23.0 
I11 - Caenis sp. 3.0 34.0 21 . O  17.0 10.0 14.0 . 
IV - Hydropsychidae 0 .8  19.2 16.2 15.8 31 .2 16.9 
V - - H-. b o r e a l i s  3 .O 7 .O 7  .O 48.0 21 .O 15 .0  
u t t i  f e r  0 .0  6.0 11 . O  17.0 61 . O  6.0 
V I I 0.0 7  .O 34 .O 9.0 12.0 38.0 
Table 8-8. Resource u t i l  i z a t i o n  o v e r l a p  i n d i c e s  f o r  t h e  
seven aqua t i c  i n s e c t  groups l i s t e d  i n  Tab le  8-6 
w i t h  r espec t  t o  t h e i r  d i s t r i b u t i o n  i n  va r i ous  
s u b s t r a t e  p a r t i c l e  s i zes .  
Group 
Group I I I I I I I V V 
I - 
I I 0.81 - 
I11 0.77 0.66 - 
I V 0.85 0.89 0.78 - 
I n  g e n e r a l ,  t h e  m a j o r i t y  of t h e  Group I (Bae t idae)  m a y f l i e s  were 
found i n  p a r t i c l e  r a n g e s  of 4.7-26.7 mm w h i l e  t h e  h e p t a g e n i i d s  were more 
dominant i n  t h e  26.7-76.2 mm p a r t i c l e  range  (F igure  8-2) . The most 
unique mayfly was Caenis  s p .  ( F i g u r e  8-2). The m a j o r i t y  of t h e  i n d i v i d u a l s  
of t h i s  t a x a  were found i n  t h e  4.7-9.4 mm range .  
These d a t a  s u g g e s t  t h a t  i f  t h e  s u b s t r a t e  p a r t i c l e  p r e s e n t  s ta te  we 
would i n i t i a l l y  s e e  a cor responding  d e c r e a s e  o r  e l i m i n a t i o n  of t h e  hepta- 
g e n i i d  m a y f l i e s .  Continued r e d u c t i o n s  i n  s u b s t r a t e  p a r t i c l e  d iamete r  
would subsequen t ly  r e s u l t  i n  t h e  e l i m i n a t i o n  o f  t h e  b a e t i i d  m a y f l i e s  and 
r e s u l t  i n  a n  Ephemeroptera a s s o c i a t i o n  dominated by Caen is  s p .  An e l imina-  
t i o n  of t h e  h e p t a g e n i i d  component due t o  decreased  p a r t i c l e  d iamete r  would 
l i k e l y  r e s u l t  i n  a cor responding  d e c r e a s e  o r  e l i m i n a t i o n  of t h e  hydropsych id  
c a d d i s f l i e s  due t o  t h e i r  similar i n s t r e a m  s u b s t r a t e  requ i rements .  The 
dominance o f  t h e  t h r e e  mayfly groups  ( i . e . ,  1-111) i n  t h e  p r e s e n t  s u t y  and 
t h e  d i s t i n c t  s u b s t r a t e  p a r t i c l e  d iamete r  r e q u i r e m e n t s  of each  f u r t h e r  
demons t ra tes  t h a t  t h e  two J o r d a n  Creek s t u d y  r e a c h e s  a r e  c h a r a c t e r i z e d  by 
a d i v e r s e  s u b s t r a t e  d i s t r i b u t i o n  w i t h  b o t h  e r o s i o n a l  and d e p o s i t i o n a l  t y p e  
m i c r o h a b i t a t s .  
The s u b s t r a t e  o v e r l a p  v a l u e s  between t h e  seven  T r i c h o p t e r a  t a x a  
ranged from a minimum of 0.43 (0 .  - -  xena x  - P .  g u t t i f e r )  t o  a maximum 0.89 
(Cheumatopsyche s p .  x  2, sparna)  (Table  8-4). The low o v e r l a p  between 
0 .  xena and P. g u t t i f e r  r e f l e c t s  t h e  extreme d i f f e r e n c e s  i n  t h e  s i z e  of 
- -  - 
t h e s e  two t a x a  as - P.  g u t t i f e r  i s  t h e  l a r g e s t  c a d d i s f l y  found t o  d a t e  i n  
Jordan Creek,  w h i l e  0 .  - -  xena was found most o f t e n  i n  t h e  i n t e r m e d i a t e  and 
l a r g e s t  p a r t i c l e  s i z e  c a t e g o r i e s  ( F i g .  8-2). Examining t h e  d i s t r i b u t i o n  
of - P .  g u t t i f e r  r e v e a l s  t h a t  t h e  m a j o r i t y  of t h e s e  i n d i v i d u a l s  ( i . e . ,  61%) 
were c o l l e c t e d  from s u b s t r a t e s  w i t h  a d iamete r  r a n g i n g  from 26.7-38.1 mm. 
These r e s u l t s  demons t ra te  t h a t  t h e  s i z e  of t h e  p a r t i c l e s  do n o t  n e c e s s a r i l y  
d i c t a t e  t h e  s i z e  of t h e  dominant t a x a  i n h a b i t i n g  t h e  p a r t i c l e s .  Ra ther ,  
t h e  t y p e s  of m i c r o h a b i t a t s  c r e a t e d  by t h e  v a r i o u s  s i z e  p a r t i c l e s  and t h e  
a s s o c i a t e d  h y d r a u l i c  p a t t e r n s  and t e x t u r e s  a r e  l i k e l y  t o  b e  more impor tan t .  
The v e r y  h i g h  o v e r l a p  between Cheumatopsyche s p .  and 5. s p a r n a  is  
somewhat mis lead ing  when one c o n s i d e r s  t h a t  t h e s e  two t a x a  appear  t o  b e  
p a r t i t i o n i n g  t h e i r  l o c a t i o n s  on t h e  s u b s t r a t e s  (Braga,  unpubl ished d a t a )  . 
I n  a r t i f i c i a l  c o n c r e t e  s u b s t r a t e  exper iments  and i n  v a r i o u s  p i c k i n g  and 
hand c o l l e c t i o n s  d u r i n g  t h e  s t u d y ,  Cheumatopsyche was g e n e r a l l y  found o n  
t h e  u n d e r s i d e  of t h e  s u b s t r a t e s  w h i l e  bo th  Symphitopsyche - and many 
Hydropsyche t a x a  were  c o l l e c t e d  on t h e  upper s u r f a c e s  of s u b s t r a t e s .  
The o v e r l a p  w i t h i n  t h e  f a m i l y  Hydropsychidae (Group I V ;  T a b l e  8-6) 
was r e l a t i v e l y  h i g h ,  r a n g i n g  from t h e  p r e v i o u s l y  mentioned 0 .86 maximum 
t o  a minimum of 0.77 (S. - b r o n t a  x  - S. -- s p a r n a ) .  A s  mentioned e a r l i e r ,  
S .  s p a r n a  and S. b r o n t a  were dominant i n  d i f f e r e n t  r e a c h e s  of t h e  s t r e a m .  
- - 
The r e l a t i v e l y  h i g h  o v e r l a p  i n  s u b s t r a t e  p a r t i c l e  d i s t r i b u t i o n  i n d i c a t e s  
t h a t  t h e  d i f f e r e n c e s  i n  t h e i r  d i s t r i b u t i o n  i n d i c a t e s  t h a t  t h e  d i f f e r e n c e s  
i n  t h e i r  d i s t r i b u t i o n  w i t h i n  J o r d a n  Creek a r e  n o t  r e l a t e d  t o  t h e  d i s t r i b u t i o n  
o r  abundance o f  s u b s t r a t e  p a r t i c l e s .  
Examination o f  t h e  g e n e r a l  d i s t r i b u t i o n  o f  t h e  T r i c h o p t e r a  w i t h i n  t h e  
d i f f e r e n t  s u b s t r a t e  c a t e g o r i e s  i n d i c a t e s  t h a t  t h e  hydropsych ids  and 
P .  g u t t i f e r  were most common on s u b s t r a t e s  g r e a t e r  than  26.7 mm i n  d i a m e t e r .  
- 
H.  b o r e a l i s  was most abundant on s u b s t r a t e s  r a n g i n g  from 13.3-26.7 mm i n  
- 
d i a m e t e r  and 0. xena on bo th  v e r y  l a r g e  s u b s t r a t e s  and s u b s t r a t e s  i n  t h e  
d i a m e t e r  r a n g e  of 9.4-13.3 mm ( F i g .  8-2).  Thus, i f  t h e  s u b s t r a t e  p a r t i c l e s  
i n  J o r d a n  Creek were t o  d e c r e a s e  w e  would e x p e c t  t o  o b s e r v e  an  i n i t i a l  l o s s  
of t h e  hydropsych ids  and - P.  g u t t i f e r  w i t h  a  reduc t i .on  i n  t h e  d e n s i t y  of 
0. xena.  A d d i t i o n a l  r e d u c t i o n s  i n  s u b s t r a t e  p a r t i c l e  s i z e  would be  fol lowed 
- -  
by e l i m i n a t i o n  of - H.  b o r e a l i s  and s u b s e q u e n t l y  - -  0. xena.  
9 .  CONCLUSIONS 
The e v a l u a t i o n  of i n s t r e am flow requ i rements  of a q u a t i c  i n s e c t s  r equ i r ed  
t h e  development of new techniques  and equipment t o  a s s e s s  m i c r o h a b i t a t  condi-  
t i o n s  i n  s t reams .  With q u a n t i f i c a t i o n  of m i c r o h a b i t a t  c h a r a c t e r i s  t i c s ,  i t  
was p o s s i b l e  t o  r e l a t e  organism presence t o  a  s e t  of environmental  cond i t i ons  
which could be a s s o c i a t e d  w i th  f low.  Determinat ion of a c t u a l  ins t ream flow 
requ i rements  of a q u a t i c  i n s e c t s  r e q u i r e s  t h e  assessment  of a  number of 
h a b i t a t  v a r i a b l e s  a s  w e l l  a s  o t h e r  f a c t o r s  which c o n t r o l  a q u a t i c  i n s e c t  
community o r g a n i z a t i o n  and/or  s p e c i e s  p r e f e r ences .  The fo l lowing  summarize 
t h e  accomplishments and f i n d i n g s  of t h e  r e s e a r c h  p r o j e c t .  
1. A mic rove loc i t y  probe,  proven i n  h y d r a u l i c  r e s e a r c h  and a n a l y s i s ,  
was modified f o r  u s e  i n  modeling a q u a t i c  i n s e c t  m i c r o h a b i t a t .  
2 .  Microve loc i ty  probes were used i n  a n a l y s i s  of f low c h a r a c t e r i s t i c s  
i n  t y p i c a l  bottom s u b s t r a t e s  and a r t i f i c i a l  s u b s t r a t e s  and accuracy 
v e r i f i e d  us ing  s e n s i t i v i t y  a n a l y s i s .  
3 .  The response  of t h e  mic rove loc i t y  probe a t  v a r i o u s  combinations 
of dep th ,  c u r r e n t  v e l o c i t y ,  and s u b s t r a t e  t ype  was examined i n  
t h e  l a b o r a t o r y  and response  was v e r i f i e d  with  t h e  u se  of h igh  
speed photography. 
4 .  To compliment publ ished ins t ream f low requ i rements  of a q u a t i c  
i n s e c t s  and expand e x i s t i n g  a n a l y s i s  methodologies,  t h e  u t i l i t y  
of u s ing  t h e  d imens ion less  Reynolds number, was eva lua ted  a s  a  
means f o r  d e s c r i b i n g  a q u a t i c  i n s e c t  m i c r o h a b i t a t  c o n d i t i o n s .  
Th is  va lue ,  R* was found t o  be  r e l a t e d  t o  m ic rove loc i t y ,  per-  
m i t t i n g  a s s o c i a t i v e  m i c r o h a b i t a t  measurements ( e  .g .  , dep th ,  
column v e l o c i t y ,  t empera ture ,  and s u b s t r a t e  type)  . 
5 .  A f i e l d  method was developed t o  determine f low requ i rements  of  
a q u a t i c  i n s e c t s  based on Rf;. R* was found t o  b e  a  b e t t e r  pre-  
d i c t o r  of community s t a t i s t i c s  than  e i t h e r  dep th  and v e l o c i t y  
a l one .  Following t h e  development of t h e  f i e l d  method, a  pre-  
l im ina ry  d a t a  ba se  was genera ted  r e l a t i n g  R" t o  a  number of 
a q u a t i c  i n s e c t  t a x a  i n  I l l i n o i s .  Rfc was found t o  be  s i g n i f i c a n t l y  
c o r r e l a t e d  w i t h  s p e c i e s  r i c h n e s s  and a q u a t i c  i n s e c t  abundance i n  
t h e  f i v e  I l l i n o i s  s t reams  s t u d i e d  a s  a  p a r t  of t h i s  p r o j e c t .  R" 
may be  used t o  d e s c r i b e  g e n e r a l  m ic rohab i t a t  cond i t i ons  and pro- 
v i d e s  a  reasonable  means of modeling b e n t h i c  community responses  
t o  f low manipu la t ions .  
6 .  Labora to ry  methods were  developed t o  h y d r a u l i c a l l y  c a l i b r a t e  
a r t i f i c i a l  c o n c r e t e  s u b s t r a t e s  f o r  u s e  i n  f i e l d  exper iments .  
Equa t ions  were developed t o  c a l c u l a t e  m i c r o h a b i t a t  v e l o c i t i e s  . 
i n  t h e  v i c i n i t y  of a q u a t i c  i n s e c t s  f o r  63 r e g i o n s  on  t h e  sub- 
s t r a t e s .  These e q u a t i o n s  p e r m i t t e d  t h e  d e t e r m i n a t i o n  o f  
m i c r o v e l o c i t i e s  us ing  s imple  f i e l d  measurements of t e m p e r a t u r e  
and s t ream v e l o c i t y  immediate ly  i n  f r o n t  of  t h e  s u b s t r a t e s .  
C a l i b r a t i o n  i l l u s t r a t e d  d i s t i n c t  h y d r a u l i c  r e g i o n s  which cou ld  
a f f e c t  t h e  d i s t r i b u t i o n  of a q u a t i c  i n s e c t s  o n  t h e  s u b s t r a t e s .  
7 .  C a l i b r a t e d  s u b s t r a t e s  were employed t o  examine t h e  r a t e  of a q u a t i c  
i n s e c t  c o l o n i z a t i o n ;  t h e  e f f e c t s  t o  p e r i p h y t o n  development on 
a q u a t i c  i n s e c t  c o l o n i z a t i o n  r a t e s ;  t h e  e f f e c t s  of  s e d i m e n t a t i o n  
on t h e  d i s t r i b u t i o n  of a q u a t i c  i n s e c t s ,  and t o  examine t h e  
d i f f e r e n c e s  i n  t h e  ra te  of  c o l o n i z a t i o n  o f  ne t - sp inn ing  c a d d i s -  
f l i e s .  The r e s u l t s  i n d i c a t e  t h e  c o l o n i z i n g  assemblages  fo l lowed  
MacArthur-Wilson c o l o n i z a t i o n  p r e d i c t i o n s  from day 0  th rough  1 8 .  
I n s e c t s  assemblages  c o l o n i z i n g  s u b s t r a t e s  p r e c o l o n i z e d  w i t h  
p e r i p h y t o n  and uncolonized s u b s t r a t e s  were  d i f f e r e n t  i n i t i a l l y  
b u t  became more s i m i l a r  w i t h  t ime .  P e r i p h y t o n  development 
s u b s t a n t i a l l y  a f f e c t s  t h e  ra te  of c o l o n i z a t i o n  f o r  b o t h  a  
taxonomic and t r o p h i c  p e r s p e c t i v e .  Examinat ion o f  t h e  n e t -  
sponning c a d d i s f l y  r e s u l t s  i n d i c a t e d  t h a t  56.7% o f  t h e  
Hydropsyche b e t t e n i  l a r v a e  were  p r e s e n t  on  s u b s t r a t e s  w i t h i n  
-p- 
1 4  days  w h i l e  only  16.8% and 19.3% of t h e  two Symphitopsyche 
s p e c i e s  observed.  There  w a s  no d e t e c t a b l e  d i f f e r e n c e  i n  t h e  
c o l o n i z a t i o n  r a t e  and r e s p o n s e  t o  t h e  p r e s e n c e  of p e r i p h y t o n  
between S .  c h e i l o n i s  and S .  - b r o n t a .  Wi th in  t h e  ranges  of s e d i -  
ment measured i n t h i s  s t u d y  t h e r e  was no  s i g n i f i c a n t  e f f e c t  of  
sediment  on t h e  d i s t r i b u t i o n  of t h e  c a d d i s l f y  l a r v a e .  
8 .  The m i c r o h a b i t a t  c u r r e n t  v e l o c i t i e s  which a f f e c t e d  t h e  d i s t r i b u -  
t i o n  of s e v e r a l  a q u a t i c  i n s e c t s  was de te rmined .  The hyd.ropsychid 
c a d d i s f l i e s  S .  c h e i l o n i s ,  -- - S. -- s p a r n a ,  - S .  b r o n t a ,  and H .  b e t t e n i  and 
s i m u l i d  l a r v a e  observed t o  d e t e r m i n e  o c c u r r e n c e  i n  d e f i n e d  micro- 
h a b i t a t s  on c a l i b r a t e d  a r t i f i c i a l  s u b s t r a t e s .  The r e s u l t s  i n d i -  
c a t e d  t h a t  members o f  a l l  f o u r  c a d d i s f l y  t a x a  i n h a b i t e d  a r e a s  of  
t h e  s u b s t r a t e s  where m i c r o h a b i t a t  v e l o c i t i e s  were  less t h a n  
1 cmlsec.  While S.  s p a r n a  and H .  b e t t e n i  were  found i n  t h e  h i g h e s t  
c u r r e n t  m i c r o h a b i t a t  v e l o c i t i e s - o f  1 5  cmlsec ,  S .  c h e i l o n i s  and 
S .  b r o n t a  were recorded  i n  11 and 1 0  cmlsec r e s p e c t i v e l y .  A sub- 
-- 
s t a n t i a l  d e g r e e  of o v e r l a p  occur red  between t h e  f o u r  c a d d i s f l y  t a x a .  
Simul id  l a r v a e  were found' i n  s u b s t r a t e  r e g i o n s  w i t h  m i c r o h a b i t a t  
v e l o c i t i e s  of 1 t o  1 5  cm/sec, T h i s  s t u d y  confirmed i n i t i a l  
o b s e r v a t i o n s  t h a t  hydropsychid  l a r v a e  r e q u i r e  a  s u r f a c e  i r r e g u l a r i t y  
f o r  p r o t e c t i o n  when i n h a b i t i n g  r e g i o n s  w i t h  h i g h e r  m i c r o h a b i t a t  
c u r r e n t  v e l o c i t i e s .  
9 .  Sediment p a r t i c l e  s i z e  was shown t o  a f f e c t  a q u a t i c  i n s e c t  d i s t r i -  
b u t i o n .  The d i s t r i b u t i o n  o f  t h e  14 n u m e r i c a l l y  dominant mayf ly  
and c a d d i s f l y  t a x a  from J o r d a n  Creek,  I l l i n o i s  was r e l a t e d  t o  
s u b s t r a t e  p a r t i c l e  s i z e .  
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